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1. Mieren in boomgaarden hebben onvermijdelijk een toename van
suikerafscheidende insecten tot gevolg, hetgeen betekent dat ze niet altijd goede
biologische bestrijders zijn.
Ditproefschrift
Khoo, K. C, Ooi, P.A. C.andHo,C.T. 1993.Crop Pests andTheir Management in
Malaysia.TropicalPressSdn.Bhd.,KualaLumpur,pp. 242.
2. Een betere herkenning van moeilijk waar te nemen plaagorganismen in een
gewas leidt niet noodzakelijktot een beter beredeneerde gewasbescherming.
Ditproefschrift
3. De aanwezigheid van goed zichtbare natuurlijke vijanden in een agroecosysteem
isde beste motivatievoor boeren omminder ofgeen pesticidente gebruiken.
Ditproefschrift
4. Experimenten van onderzoekers uitgevoerd op het boerenbedrijf schieten vaak
hun doelvoorbij, omdat hierbij alleen gebruik gemaakt wordt van het land en het
gewas van de boer, maar nietvan diens kennis.
Ditproefschrift
5. Biologische diversiteit vormt een belangrijke, tot nutoe onderbenutte rijkdom voor
Vietnam, die heden ten dage verloren dreigt te gaan door een beleid dat zich
voornamelijk richt op productievan meervoedsel.
Ditproefschrift
6. Het communisme heeft er in Vietnam toe geleid dat alle boeren gelijke kansen
hebben op hetverkrijgen van informatie.
7. Eenzijdige landbouwvoorlichting isoplichting.
8. Vernieuwing is niet altijdvooruitgang.
G.vanIstendael.DeMorgen,04/05/2000
9. Doordat universiteiten voor hun financiering in toenemende mate afhankelijk zijn
van derde geldstromen is het realiseren van een duurzaam beleid voor
ontwikkelingssamenwerking steeds moeilijker.
10. Nationale instituten in ontwikkelingslanden doen voornamelijk vraaggedreven
onderzoek met een grote relevantie voor de lokale boeren, een benadering die
helaas vaak wordt verlaten wanneer die instituten gaan samenwerken met
Westerse universiteiten.
11. Zintuiglijkewaarneming is het beginvan alles.
12. Interbrew heeft een beter gevoel voor smaak dan Heineken omdat Interbrew bij
de productie rekening houdt met lokaletradities engebruiken.

Abstract

After the Doi moi policy reform of Vietnam in 1986, the government has increasingly
emphasized diversification of agricultural production into high value crops. Over the period
1985-1995, fruit production inthe Mekong Delta increased from 92,100to 175,700 ha mainly
due to better land tenure security. However, the potential ofthe fruit industry is not yet fully
exploited. Our surveys have indicated that, besides pest and disease problems, fruit farmers
lack an efficient marketing, credit and transport system. The agro-business has quickly
responded to the government's policy reform. Pesticides and chemical fertilizers have
become increasingly important at the expense of traditional practices of biological control.
This study has tried to assess the agronomic, economic and social conditions influencing
farmers' knowledge, perceptions and practices in pest management. Case studies are
presented for mango, citrus and sapodilla.
The ease of observation is an important aspect contributing to farmers' knowledge
and perception of pests. As for rice, fruit farmers readily targeted pests such as leaf-feeding
insects, which cause conspicuous damage symptoms. Cultivation practices may interfere
with pest monitoring. Because mango trees are never shaped by pruning and trimming,
trees often grow 8 m high or more. Therefore, damage of the mango seed borer Deanolis
albizonalis (Lepidoptera: Pyralidae) was often wrongly attributed to the fruit fly Bactrocera
dorsalis(Diptera: Tephritidae), asituation which has recently improved dueto extension and
media activities. Citrus farmers have learnt about the existence of difficult-to-observe pests,
such as the citrus red mite Panonychus citri (Acarina: Tetranychidae) and thrips
(Thysanoptera: Thrips sp. and Scirtothrips sp.) through pesticide advertising campaigns by
the Extension Service orthrough farmer-to-farmer promotion ofcertain acaricide products.
Those fruit farmers knowing about natural enemies have acquired this knowledge
only by observing their own orchard and refrained from applying pesticides on a calendar
basis,which is commonly practiced by most otherfruit farmers. However, because orchards
are relatively closed habitats and competition between farmers is high, farmer-to-farmer
information exchange about advanced farming techniques, including the manipulation of
predatory ants, is quite uncommon. In 1998, about 75% of the sweet orange (C sinensis)
and 25% of the Tieu mandarin (C. reticulata ) orchards had large weaver ant Oecophylla
smaragdina (Hymenoptera: Formicidae) populations, due to a lower pesticide pressure in
the first crop. In citrus orchards with O. smaragdina fewer pesticide sprays and chemical
fertilizers were usedwithout affecting eitherthe yield orthe farmers' income.
Farmers relying on pesticide advice from the media advertisements sprayed
insecticides morefrequently and applied more different products, whereas the extension has
stimulated the use of acaricides and increased the number of both insecticide and fungicide
sprays. The traditional practice of biological control with O. smaragdina might be
endangered with growing media influence and when extension activities remain confined to
chemical pest control. Citrus farmers with O. smaragdina or sapodilla farmers withthe black
ant Dolichoderus thoracicus (Hymenoptera: Formicidae) in their orchard all used fewer
highly toxic WHO Category I insecticides than those without ants. The majority (61%) of
sapodilla farmers considered D. thoracicus as beneficial in decreasing damage by the fruit
borer Alophia sp. (Lepidoptera: Pyralidae). Promoting wider use of D. thoracicus may be
difficult, because 30% of the farmers said that this ant increases populations of the
mealybug Planococcus lilacinus (Homoptera: Pseudococcidae). In six on-farm experiments,
the mealybug P. lilacinus was not affected by D. thoracicus, but Alophia sp. populations
were significantly smaller in ant-abundant trees.
By evaluating fruit farmers' knowledge, perceptions and pest management
practices with a systems approach, this study has identified weaknesses and strengths for

the development of IPM fruit programmes in Vietnam, which could also provide information
to improve fruit pest management inothertropical countries.
Key words: Deanolis albizonalis, Alophia sp., Planococcus lilacinus, Panonychus citri,
Doiichoderus thoracicus, Oecophylla smaragdina, Vietnam, natural enemies, pesticides,
agricultural knowledge systems
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1. Introduction

1.1. Fruit production in Vietnam

1.1.1.Agriculture inVietnam
The Vietnamese economy relies mainly on agriculture with more than 50 million people
(70% of the total national population) living on about 11 million ha of cultivated land (onethird of the national area) (DAFF, 1996). Vietnam is divided into seven agricultural zones
(Figure 1.1.1.a.). Traditionally, crops are often integrated with livestock and fish production.
Rice has always been the most important component, accounting for ca 65% of the total
cultivated area in 1995(Figure 1.1.1.b).

Figure1.1.1.a.Agriculturalzonesin Vietnam.
Rice production between 1970 and 1980 remained rather low at around 11 million
tonnes per year. With the introduction of the Contract system (see below) in 1981,
production increased by ca 30% after which it stabilized due to a lack of farmers incentives
and motivation (Sanh ef a/., 1998). Untilthe late 1980s, Vietnam was obliged to import rice
and it was not until after the Doi moi policy reform of Vietnam in 1986, that agricultural
production was decollectivized and rice production doubled to ca 24 million tonnes in 1995.
Since 1990, Vietnam has become the third largest rice exporter inthe world after Thailand
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and the United States. Rice productivity has further increased from 3.6 tonnes per ha in
1995to4.8tonnes in 1999(VNS, 2000a).
Overthe past 10years,thetotal agricultural crop production in Vietnam has grown
at an annual rate of 5.2% (FEER, 1999), with an annual population growth of 1.7% (VNS,
2000b). This increased production has been mainly achieved through rice by introducing
high-yielding varieties (HYV) and government support to intensify production. Fertilizer and
pesticide use has increased due to the national agricultural policy and aggressive
advertising and marketing techniques of the agro-business (Heong et a/., 1994). Similar to
other SE Asian countries that introduced Green Revolution technologies, farmers got
convinced that they were likelyto loosetheir crop ifthey did not apply pesticides (Oudejans,
1999).

516

346

• Rice
• Other cereals
MIndustrialcrops
0 Vegetables
• Fruit crops

Figure 1.1.1.b. Majorcrops(inthousands ofha) inVietnam (source: DAFF, 1996).

1.1.2. importance offruits inthe national economy
Since the Doi moi, government policies have increasingly emphasized diversification of
agricultural production including high value crops. The possibility of getting relatively long
land leases has encouraged farmersto invest intheir land. Land is still property ofthe State,
but farmers can buy the authorization to cultivate their piece of land, ranging from 20 years
for annual crops to 50 years for perennial crops. The assignment of land on the basis of
renewable leases istothefamily ratherthantothe individual (Pingali andXuan, 1992).
Land use and crop choice decisions are no longer made by the government.
Although conversion of paddy fields into orchards has not been actively promoted, the
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higher net profits from orchards, beingfive to tentimes morethan could be achieved on the
same area of land under rice production,together with an increased landtenure security has
attracted many farmers to invest in orchards. However, as costs for establishing new
orchards are very high, ca 420 to 580 US$ per ha, with Vietnam having a gross domestic
product (GDP) of 200 US$ per capita, mainly the richer farmers have been able to convert
part or all oftheir paddy fields into orchards. For example, nearly 95% of about 200 women
interviewed in Omon District indicated a lack of capital for converting their paddy field into
orchards as their major problem (Chi et al., 1995). Renewal of older mixed fruit gardens
under polyculture into both more commercially oriented orchards under oligoculture (two or
three fruit species belonging to the same genus, often combined with some non-crop trees)
and monoculture, has received government support such as reduced interest rates on
agricultural loans. Besides, farmers do not have to pay taxes during the first three years of
investment for 'modernizing'their orchard or bringingwasteland under fruit cultivation (Dang,
1997).
Under these conditions, the fruit growing area in Vietnam has increased from
218,000 in 1985 to 346,000 ha in 1995 (DAFF, 1996). As the statistical data only take into
account orchards which are not under polyculture, one should double the area under
cultivation to have a more realistic figure of the importance of fruits in the economy (CaoVan ef al., 1997). The past and prospected evolution of fruit production in the different
regions is given in Figure 1.1.2. In recent years,the annual rate of increase inarea with fruit
crops is6.2%and policy planners expect one million haforthe next decade (Luat, 1998).
According to the Ministry of Agriculture and Rural Development (MARD), the
average per capita consumption is ca 40 kg of fruits per year (Luat, 1998). A study
conducted by theWorldbank in 1993, estimated per capita fruit production in Vietnam at 61
kg per year, compared to 104 kg in Thailand, 114 kg inthe Philippines, 11 kg in China and
36 kg in Laos (Singh, 1993). China, Laos and Cambodia are considered to become
increasingly important export markets for mango (Mangifera indica L., Anacardiaceae) and
citrus(Citrus spp., Rutaceae) inthe near future (Chau, 1998).
A major increase in area under fruit cultivation is expected for the Northern
Mountains and Midlands, where population pressure is relatively low compared to the Red
River and Mekong Delta with a population density of more than 400 people per square km.
In 1995, in these Northern Mountains and Midlands, citrus was cultivated on ca 7,800 ha,
and onasmaller acreage, ca 3,800 ha inthe Red River Delta (DAFF, 1996).
The national fruit production has augmented from ca 2.6 million tonnes in 1994 to
3.8 million tonnes in 1997 (Luat, 1998). From 1995 to 1998, the area of citrus cultivation
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increased from 55,600 ha to 67,500 ha,while the area of fruit from the Sapindaceae family,
namely longan (Dimocarpus longan Lour.), rambutan (Nephelium lappaceum L ) and litchi
(Litchichinensis Sonn.), expanded from 37,600to 93,000 ha(DAFF, 1999).
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Figure 1.1.2. Past and prospected evolution of area under fruit cultivation (excluding orchards under
polyculture)from1985to2010inVietnam(source:Daff,1996andChau, 1998).
Sustainability in fruit production will become an increasingly important issue,
especially since the government has put the target for the next decade at 12 million tonnes
of fruit per year (Chau, 1998). The local market mainly grows in the cities due to improving
living standards. Before 1990, ca 98% of the export went to the United Sovjet Socialist
Republics (USSR) and consisted of bananas, pineapple and citrus. This decreased in 1995
to ca 22%. Export of fresh fruit is now mainly limited to neighbouring countries such as
China (Hongkong), Taiwan and Singapore, and to a lesser extent to Australia. The major
export product isdragon fruit (Hylocereus undatus (Haw.) Britton &Rose, Cactaceae), which
is mainly grown in South-Central Vietnam. Mango is only sold to Hongkong and Australia
(Chau, 1998). Due to the general poor fruit quality and lack of uniformity, Vietnam cannot
compete with Thailand in the export of mangoes. Some delicious mango varieties such as
Xoai cat hoa loc face problems of transportation because it has a very thin skin.
Furthermore, production costs are higher compared to those in Thailand and India. In 1997,
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Vietnam exported ca 6,000 tonnes of fresh fruit (only 0.17% of the total production) with a
value of 68 million US$ (Luat, 1998), ca onetenth of the value from exported fruit obtained
inThailand (Hong, 1998).
Both the total fruit production and export could be further increased when
polyculture and monoculture orchards are intensified, and when both the quality and
efficiency of production is raised. Improved fruit quality also implies that pesticide residues
are kept below the permitted maximum residue limit (MRL). This is especially important
when aiming at export to industrialized countries, considering their strict inspection
procedures. Thesetargets can only be met when sufficient policy support is given to proper
land use planning (where to grow what, and how much), to increased research and
extension related to crop production and crop protection, as well as to improved processing
and marketing (Chau, 1998).

1.1.3. Fruit production inthe Mekong Delta (MD)
Over the period 1985-1995, fruit production in the Mekong Delta (MD) increased from
92,100to 175,700 ha (DAFF, 1996). The potential of fruit production inthe MD is, however,
not yet fully exploited. As the population pressure is high and the government wants to
safeguard Vietnam's position on the rice export market together with local food security,
increased fruit production in the Mekong Delta will need to focus on improved production
efficiency ratherthan on increased area under cultivation (see Figure 1.1.2.).
In 1995, citrus was the major fruit crop in the MD, being cultivated on an area of
38,000 ha (Table 1.1.3). The major fruit producing provinces are given in Figure 1.1.3. The
land under citrus cultivation has strongly increased since the early 1990s. The very fast
growing demand for citrus planting material attracted many farmers and nurserymen to start
a local business. This production and spread of uncertified planting material, many of which
were already infested with citrus greening disease before being actually planted, has been
described byAubert (1990) as one ofthe major problems forthe citrus industry in the whole
of Asia. Similarly, in Vietnam, most citrus trees are from cuttings. Major species are sweet
orange (Citrus sinensis (L.) Osbeck), Tieu mandarin and sweet mandarin (C. reticulata
Blanco), and to a lesser extent king orange (C. nobilis Lour.) and pummelo (C. maxima
(Burm.) Merr.). Limetrees (C. aurantiifolia (Christm.) Swingle) are often found around these
citrus orchards. Nearly all citrus is for the local market and for the markets in Ho Chi Minh
City andHanoi.
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Table1.1.3.Areaunderfruitcultivation (inha)inthemajorfruit growingprovinces oftheMekongDelta,
1998(source:Chau,1998).
Crop

Tien Giang

CanTho

Dong

Ben Tre

Vinh Long

Tra Vinh

Total2

Thap
Citrus

1,151

13,320

2,940

8,078

7,352

1,774

37,973

Longan

8,413

1,300

3,000

6,335

6,689

425

28,633

Banana

335

3,420

3,250

1,729

2,162

3,454

27,921

Pineapple

4,900

1,311

-

-

-

-

17,962

Mango

2,414

2,403

3,500

345

2,087

885

12,706

850

-

2,349

659

265

4,423

1,056

200

-

3,724

844

400

-

668

Durian

-

365

40

1,908

Total1

37,433

Rambutan
Sapodilla

30,769

16,426

25,189

25,980

15,550

218,951

includingareaofallotherfruitcropswhicharenotmentionedinthetable.
includingareaofallotherprovincesintheMekongDeltawhicharenotmentionedinthetable.
After citrus, longan is the second most important perennial fruit crop of the MD,
being cultivated over an area of 28,600 ha and with an average yield of 10 tonnes per ha
(DAFF, 1996). It belongsto the Sapindaceae family and is as such related to rambutan and
litchi, the latter being an important crop in the north of the country. Longan is almost only
cultivated in the MD, where it is a crop of increasing importance. The area of cultivation
expanded from 11,800 ha in 1995 to 37,000 ha in 1998 (DAFF, 1999). In 1998,two-thirds of
the established longan orchards were converted paddy fields, whereas up to 25% were
converted from other orchards, mainly citrus. Citrus, mango and durian (Durio zibethinus
Murray, Bombacaceae) orchards were generally older and nearly all originated from paddy
fields. This illustrates that most orchards are established without government assistance,
and that support to convert less productive polyculture orchards in more commercial
orchards has mainly ledto an increase in longan production.
Longan is typically cultivated as a monocrop. Major varieties cultivated are Nhan
long and to a lesser extent Nhan tieu la bau. Farmers presently prefer to grow longan as
trees start bearing fruit within two years after planting, giving them a fast return of
investment. In old mango and durian orchards it has been observed that farmers plant
longan as an intercrop, and cut the old trees once the longan becomes productive.
Flowering is induced by girdling, which enables farmers to harvest twice a year, once on-
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season from Mayto August, and once off-season from December to April, depending on the
region andvariety cultivated.
Longan farmers are highly market oriented and often aim at short-term
moneymaking. They are highly responsive to commercial advertisements by the agrobusiness and use high amounts of pesticides and fertilizers. During our survey in 19971998, some farmers even reported spraying insecticides upto 48times per year. As export
markets, and especially those of developed countries, have high quality requirements,
pesticide usewill definitely haveto be reduced to stay below the MRLs. Another fact calling
forthe necessity to reduce pesticide use inthis crop is the direct health hazard for the local
population. Many people, both inthe cities andthe countryside, put the fruit directly in their
mouth to avoid that the juice would stick to their hands when opening the thin peel.
Especially when fruits are not washed thoroughly, people ingest a lot of pesticide residues.
Although it would be interesting to investigate potentials and constraints for developing an
integrated pest management (IPM) programme inthis crop, longan was not dealtwith inthis
thesis. One reason for not including this economically important crop is that it has been
introduced in the MD only recently, and that probably little empirical experience regarding
pest management is available among longan farmers. Instead, we focused on those crops
with alongertradition ofcultivation, namely citrus, mango and sapodilla.
After citrus and longan,mango isthethird most important perennial fruit crop ofthe
Mekong Delta, being cultivated over an area of 12,700 ha, and with an average yield of 9.3
tonnes per ha. In 1995, 66% of Vietnam's national gross output for mango was produced in
the Mekong Delta (DAFF, 1996). Two outstanding clones, namelyXoai cat hoaloc and Xoai
cat chuhave been selected and registered by MARD in 1997 (Chau, 1998). Mango is a crop
which has been cultivated inthe Mekong Delta for alongtime already, traditionally grown as
polyculture (see next paragraph), but now more and more under oligo- or monoculture. A
lack of proper trailing and pruning techniques has resulted in most trees being up to 8 m
high or more, which consitutes a major problem for harvesting the fruits and for the
monitoring and management of pests and diseases.
Sapodilla (Manilkara zapota (L.) P. van Royen, Sapotaceae) is being cultivated in
many parts of the tropical world, including SE Asia. Inthe Mekong Delta, Vietnam, it is the
fourth most important perennial fruit crop, following citrus, mango and longan, and has a
total production area of3,700 ha.
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Mekongriver

Figure 1.1.3.Majorfruit producing provinces inthe Mekong Delta,Vietnam.

1.1.4. Farming systems inthe MD

1.1.4.1. Historical background
An overview of major events contributing to the current situation of the agricultural
environment isgiven in Box 1.1.4.

1.1.4.2. High external input systems and integrated farming systems: which way to
go?
In the Mekong Delta, Vietnam, integrated farming systems have existed for a long time.
However, many farms have completely changed sincethe Doimoi policy reform in 1986 and
traditional practices have often been neglected by farmers and government officials. As the
output market was privatized and input supply decentralized, and farmers were able to
obtain relatively longterm, inheritable leases ontheir land, farm activities shifted to intensive
cultivation.
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Box 1.1.4.
Major events affecting farming systems development inthe Mekong Delta (Source: Sahn et
al.,1998).
Timeline
10,000
years
ago
1705-1858

1858-1954

1954-1975
1966
>1968
1972

1976-1977

1977-1979
1977

1978
1979
1979-1981

1982-1987

1988-now

Events
Formation ofthe Mekong Delta (MD)
The MD iscovered by forest;
Pioneer Vietnamese settlements collect ricefor food andcultivation.
The early stage ofexploitation ofthe MD
Three maincanalsare excavated andland isreclaimed;
Floating ricecultivation isdeveloped.
Frenchcolonial regime
Many canals are excavated for draining landfor ricecultivation;
People settle nearby canals;
Traditional rice cultivation: transplanted local varieties with a very low
input;
•
Fruit cultivation develops mainly as polycultures, including multi-purpose
trees and spontaneous undergrowth is used as vegetables or for medicinal
purposes.
Years of war
•
Introduction of highyielding ricevarieties (IR5 and IR8);
•
Shift fromsingle ricecropping to double ricecropping;
•
Brown planthopper (BPH) outbreak.
Farmers returnto village andrural areasfor land reclamation
•
As the government aims at rice self sufficiency, it is strictly forbidden to
construct raised beds;
•
Orchards are reconstructed on the higher elevated soils and along banks
of rivers andcanals;
•
Those who have saved enough money invest mainly in monocultures or
oligocultures of citrus or mango. Fruit trees are planted on ca 50,000 to
60,000 ha.
Ricecrop failures
BPH outbreak;
Large floodings;
Shifting from BPHsensitiveto BPHtolerant rice varieties.
Collectivization
In the MD, collectivization is only made for purchasing inputs and
marketing outputs, not for land.
Many main andsecondary canals aredug;
Double ricecropping increases;
Redistribution oflandto farmers;
Many new areas are exploited (including forests and acid sulphate soils)
for rice production.
Contract system
Individual households sign acontract with acollectivefarm.
Thecontracted amount of output issoldtothestate at afixed price.
Doimoi policy reform
Farmers are assigned long-term,inheritable leases ontheir land;
Replacement ofcontract systemwith afixed landtaxsystem;
Privatization ofinput and output market;
Government stimulates conversion of polyculture orchards to oligo- and
monoculture orchards;
Most BPH resistant ricevarieties become susceptible toBPH;
Conversion of paddy fields into raised bed orchards increases without
government support;
From 1985 to 1995, fruit cultivation inthe MD increased from 92,100 ha to
175,700 ha.
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Paddy production increased from 6.9 million tonnes in 1985 to 12.8 million tonnes
in 1995, accompanied by a strongly increased use of chemical inputs. Rice farmers usually
spray as soon as they find any symptoms of pest damage, or they calendar-spray 5 to 20
times per season with broad-spectrum insecticides (Noda et al., 1998). Water pollution,
degrading biodiversity and socio-economic problems, such as the growing income gap
between rich and poor farmers, have become increasingly stringent. Therefore, research on
biodiversity, resource recycling, system efficiency and system capacity of traditional
integrated farming systems, mainly rice-fish or rice-prawn systems, has received some
attention sincethe early 1990s, both atthe farming system level (Rothuis ef al., 1998; Xuan
and Matsui, 1998) and at the component level (Vromant et al., 1998). However, integration
of fish still faces a lot of problems in intensive rice cropping systems using HYVs, partly
because inthese systems crops are kept weed free (Vromant, pers. comm., 2000).
In fruit cultivation a similar trend is observed as in rice, with a shift from a
combination oflocal varieties to orchards with only one variety. These older, mixed orchards
were mostly not intensively managed causing yields to be low. With economic benefit
becoming an increasingly important criterion, farmers are moretempted to practice 'modern'
agriculture with high external inputs. It is not yet recognized that traditional farmers'
knowledge and practices offer great potential to be applied in intensive cropping systems
with reduced costsfor chemical inputs andwithout affecting yields.

1.1.4.3. Characteristics of farming systems inthe MD
By law, each family can have amaximum of five ha of land. In practice, the farm size in the
MD depends on the human population density and available land resources of each district
orvillage. The averagefarm size is one hawiththe smaller farms ranging from 0.5 to 0.6 ha.
Atypical farm consists offour components: (1) a homestead where animals and vegetables
aregrown for local consumption, (2) afish pond, (3) canals and raised beds for cultivation of
perennial trees, and (4) paddy fields, which are sometimes combined with prawn or fish
culture.
In the orchards, on average 1,000 trees per ha are planted. Fruit trees have
traditionally been planted on slightly higher soils and riverbanks, whereas over the past 10
years more and more moderately high and even lowland paddy fields have been converted
to raised beds onwhich fruit trees are planted. The average orchard size is only ca 0.5 ha.
However, in some places such as Chau Thanh District in Can Tho Province, average
orchard size is larger than one ha. This is dueto several factors. In Chau Thanh, the water
level during the flooding season (September-November) is still low, there is no saline water
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intrusion duringthe dry season, and it is situated closeto the most important floating market
of the MD at Phung Hiep. These circumstances have resulted in most farmers getting a
good income from fruit cultivation. Land is divided among the children when the parents
become too old, and those smaller orchards cannot generate enough income anymore to
sustain anewly established family. Theseyoung people prefer sellingtheir piece of land and
movetothe cities such as Can Tho City. As such,the initially richer farmers see the chance
to increasetheir land.
1.1.5. Management problems faced byfruitfarmers inthe MD
In Table 1.1.5. an overview is given of the management problems most frequently
encountered by fruit farmers. These data were obtained from a farmer survey in three
different provinces of the MD during the dry season of 1997-1998 (December-April). The
sampling methodology is explained in some ofthe next paragraphs. Specific information on
the methodology andtype of questions included in the questionnaire is provided in each of
the chapters.
Table 1.1.5. Percentage farmers reporting major management problems in the Mekong Delta, 19971998.
Sweet orange

Tieu mandarin

Longan

Mango

Durian

n=57

n=82

n=171

n=93

n=36

Marketing

73.7

90.2

84.2

79.6

50.0

Credit

61.4

37.8

40.9

49.5

41.7

Flood

54.4

31.7

31.0

36.6

30.6

Transport

28.1

19.5

9.4

8.6

5.6

Land-use decisions made by farmers inthe MD are highly influenced by both crop
yield and market price of their product. Le Coq ef al. (1997) illustrated that several citrus
farmers reacted very impulsive on a change in market price by cutting their trees and
replanting the cleared land with a more profitable crop. Inthe past, farmers inthe MD have
faced major problems when the market price for coconut, cacao, kenaf and sugarcane
steadily dropped to a level where it was no longer profitable to cultivate these crops. Fruit
farmers now do not wait until they are broke. Many shift to another crop after the yield or
price oftheir product remains lowfor one ortwo consecutive years.
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Longan has known atremendous increase in area of cultivation over the past five
years (pers. observation). The crop is relatively easy to grow. Initially, those farmers
knowing how to induce flowering got a very high income. At present, most farmers know
about this technique and hence the large difference in market price for off-season and onseason fruit has mostly disappeared. In 1998, a crop failure in Thailand resulted in a high
demand for Vietnamese longan from China, doubling the price from 1 US$ per kgto 2 US$
per kg. Many farmers reacted impulsively and converted their paddy field or changed their
orchard into a longan monocrop. In 1999, more orchards came into production and since
therewas no more export market to China,the local markets got saturated with longan fruit.
Consequently the price fell to an historical depth of only 0.1 to 0.2 US$ per kg fruit. Some
farmers have since started intercropping mango and durian trees in their longan orchard in
orderto diversify their crop and spread riskandincome.
Citrus became very popular in the early 1990s as the price was stable and yields
could be obtained already within 2-3 years. Especially Tieu mandarin has been planted
since fruits can be sold at a high price during the Vietnamese New Year called Tet.
Provincial nurseries could not keep upwith the demand for new citrus planting material, and
many farmers startedtheir own small nurseries. This lack of certification of planting material
has definitely lead to the increased spread of the citrus greening disease (CGD), a serious
problem for citrus in SE Asia (Aubert, 1990). Because quite some citrus orchards were
affected bythe CGD, they have since the mid-1990s been gradually replaced by other fruit
crops, although no statistical data are available to support this. In 1997, the occurrence ofa
new fruit disease, namely black spot Guignardia citricarpa Kiely, reduced the market value
of Tieu mandarin, and some of the orchards with severe disease problems were therefore
convertedto other crops.
The conversion of paddy fields to orchards is very capital intensive. Tieu mandarin
has mainly been planted by rich farmers who received loans from banks more easily than
poorer farmers, who planted sweet orange. Because recently established sweet orange
orchards were more severely affected bythe CGDthan Tieu mandarin, mainly sweet orange
farmers have faced problemsto pay back their loans. Since 1998, agricultural banks in Can
Tho, which is the main sweet orange cultivation area, stopped providing credit to fruit
farmers.
Over the past 10 years and due to prospected high returns, fruit crops have
increasingly been planted on soilsthat are not very suitable, for instance soilsthat are prone
to the annual floods. Generally, flood is controlled individually by building bunds around the
orchard. However, after the prolonged floods at the end of 1999, most Tieu mandarin trees
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in DongThap Province died.While anticipating scientific screening ofthe more flood-tolerant
citrus rootstock Poncirus trifoliata (L) Raf., acrop often opted for by farmers is longan, as it
lacks any root rot diseases and has no problems with viruses or bacteria. Farmers in Can
Tho generally prefer growing citrus, because they have a long tradition in citrus cultivation
and because they believethat other fruit crops do not have astable market price.

1.1.6. Major pest problems infruit crops inthe MD
Until very recently, research on fruit crops has been rather limited (see below). Only few
reports are available on orchard pest problems. Virtually no data are available on yield
losses dueto pests. Some ofthe pests have even not yet been identified.
In citrus, one of the most important pests is the psyllid Diaphorina citri Kuwayama
(Table 1.1.6.1.). This pest is a vector of the CGD. Although this vector was observed in
Vietnam in 1991, citrus growers did not regard it as a spray target (Whittle, 1992). Besides,
pesticide sprays appeared to cause outbreaks of the citrus red mite Panonychus citri (Mc
Gregor). In Whittle's paper, thrips (Thysanoptera: Thrips sp. and Scirtothrips sp.) were not
.Mentioned as a problem in citrus in Vietnam. Other major pests recorded in the Mekong
Delta arethe citrus stink bug Rhynchocoris humeralis (Thnb.),the aphids Toxopteraaurantii
(Boyer de Fonscolombe) and T. citricida (Kirkaldy), the leafminer Phyllocnistis citrella
Stainton and several other lepidopteran species (Whittle, 1992; Cue ef a/., 1998). Most of
the insecticides used for leafminer control are incompatible with an integrated pest
management programme (Whittle, 1992). This statement was confirmed by our studies from
1997to2000(Chapter 7), although recently in some places new, more selective insecticides
have enteredthe market.
The most important pests in longan are given in Table 1.1.6.2., but will not be
further discussed as this crop is not covered within this work. Some of these pests have
been described by CABI(1998).
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Table 1.1.6.1. Major pest and disease problems in citrus in the Mekong Delta (Source: Whittle, 1992;
Dueera/., 1995;Cueetal., 1998).

Partinjured1

Common name

Species

Taxonomic group

Citrus psyllid

Diaphorina citriKuwayama

Homoptera: Psyllidae

Citrus leafminer

Phyllocnistis citrella Stainton

Lepidoptera: Gracillariidae

L

Citrus stinkbug

Rhynchocorishumeralis(Thnb.)

Heteroptera: Pentatomidae

F

Fruit-piercing

Ophiusa coronata (Fabricius)+

Lepidoptera: Noctuidae

F

moths

Eudocima spp.

Black citrus aphid

Toxoptera aurantii(Boyerde

Homoptera:Aphididae

S,L

S,L

Fonscolombe)
Browncitrus aphid

T.citricidus(Kirkaldy)

Homoptera: Aphididae

S,L

Soft scales

Unidentified species (probably

Homoptera: Coccidae

S, L, I,F

Homoptera: Diaspididae

S, L, I,F

Homoptera: Pseudococcidae

R, S, I,F

Unidentified

Lepidoptera: Pyralidae

I

Citrusred mite

Panonychus citri(McGregor)

Acarina: Tetranychidae

L,F

Citrusrust mite

Phyllocoptruta oleivoraAshmead Acarina: Eriophyidae
Liberobacterasiaticum
Gram-negative bacterium

whole plant

Tristeza (CTV)

Citrustristeza closterovirus

Closteroviridae

whole plant

Root rot

FusariumsolaniMartiusSacc.

Hypocreales: Hypocreaceae

whole plant

Gummosis

Phytophtora sp.

Peronosporales: Pythiaceae

whole plant

Canker

Xanthomonascampesths pv. citri

Bacteria

whole plant

Dothideales:

L,F

Ceroplastes destructorNewstead
+ others)
Hardscales

Unidentified species (probably
Partatoria ziziphi(Lucas)+
Chrysomphalus aonidum(L.)+
others)

Citrus mealybugs

Planococcus c/fri(Risso) +
unidentified species

Inflorescence
eaters

Greening (CGD)

L,F

(Hasse) Dye
Black spot

Guignardia citricarpa Kiely

Mycosphaerellaceae
Sooty mould

Capnodium citriBerk.&Desm.

Dothideales: Capnodiaceae

S,L, I,F

Scab

ElsinoS fawcettii Bitanc.et

Dothideales: Elsinoaceae

L,F

Jenkins
Algal leaf spot
1

Cephaleuros virescens Kunze

R=roots, S=shoots, L=leaves, l=inflorescences, F=fruit.
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Table 1.1.6.2. Major pest and disease problems in longan in the Mekong Delta (Source: Due et a/.,
1995; Cue era/., 1998).
Common name

Species

Taxonomic group

Partinjured1

Longan fruit borers

Conopomorphaspp.+

Lepidoptera: Gracillariidae

S, L,F

Conogethes punctiferalis

Lepidoptera: Pyralidae

S,L, I,F

Lepidoptera: Geometridae

I

(Guenee)
Flower-feeding

Thalassodessp.+

caterpillars

Comibaenasp.

Mealybugs

Pseudococcus spp.

Homoptera: Pseudococcidae

R, S, l,F

Tessaratomapapulosa

Heteroptera: Pentatomidae

S, I, F

Peronosporales: Pythiaceae

F

Longanstink bug

(Drury)
Fruit rot

Phytophtora sp.+
unidentified species

1

R=roots,S=shoots,L=leaves,l=inflorescences,F=fruit.
The mango seed borer Deanolis albizonalis (Hampson) is the major insect pest in

mango in the Mekong Delta (Table 1.1.6.3.). Oviposition takes place 45 to 55 days after
flower initiation and continues up to fruit maturity (Waterhouse, 1998). Eggs are laid in
groups of one to four on or near the peduncle atthe base ofthe fruit. On hatching,three to
four days later, larvae travel to the apex to enter the fruit. About two to three weeks later
pupation occurs inside or outside the fruit. After 9 to 14 days adults emerge. The
development from egg to adult takes 28 to 41 days. Adults live 8 to 9 days, are generally
nocturnal and seldom attracted to light. In his overview on biological control of insect pests
in SE Asia, Waterhouse (1998) did not mention this pest to occur in Vietnam and generally
found very few references to the mango seed borer in the literature. He postulated that the
damage due to the seed borer is commonly attributed to other causes. This might be the
case, as in Vietnam, most mango farmers attributed this damage to the fruit fly Bactrocera
dorsalisHendel (Diptera: Tephritidae) (Chapter 8).
Several surveys on sapodilla have indicated that there are only few pests (Table
1.1.6.4). The major pests arethe fruit borer Alophla sp.,the twig borer Pachyteriaequestris
Newman and the mealybug Planococcus lilaclnus (Ckll.) (Cue, unpublished data). No
literature has been found on the life cycle of Alophia sp. At the Cantho University,
preliminary laboratory experiments at 28 °C and field observations indicated that larvae
hatch after threeto four days, after whichthey enter the fruit. Thefive instars are completed
in 13 to 17 days and pupation lasts 7 to 8 days. Adult longevity is 5to 11 days. The borer
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attacks the very young fruit measuring ca 10 mm in diameter, and infestation continues until
harvest. The damage can easily be observed by the insect frass and the drips of solidified
white latex coming from the point where larvae have entered (the latex of sapodilla or chicu
has originally been used by the Indians in South America, and is the predecessor of the
current chiclette or chewing gum). Yield reduction by Alophia sp. has been estimated to be
30-60%. In other fruit crops, the pest and disease situation is more complex, and no
estimates offruit damage oryield loss have been made.

Table 1.1.6.3. Major pest and disease problems in mango in the Mekong Delta (Source: Due et a/.,
1995; Cue efa/.,1998).
Partinjured1

Common name

Species

Taxonomic group

Seed borer

Deanolis albizonalis (Hampson)

Lepidoptera: Pyralidae

F

Hoppers

Idioscopus spp.

Homoptera: Cicadellidae

S, L,I

Chlumetiatransversa (Walker) +

Lepidoptera: Noctuidae

S, I

Xylariales

S, L, I,F

Dothideales: Capnodiaceae

S,L, I, F

Shoot borers

unidentified species
Anthracnose

Colletotrichum gloeosporioides
(Penz.) Sacc.

Sooty mould

Capnodiumsp.

Frogskin spot

Unidentified

F

R=roots, S=shoots, L=leaves, Iinflorescences, F=fmit.

Table 1.1.6.4. Major pest problems insapodilla inthe Mekong Delta (Source: Cue, unpublished data).
Common name

Species

Taxonomic group

Fruit borer

Alophia sp.

Lepidoptera: Pyralidae

Partinjured1
F

Mealybug

Planococcus lilacinus (Ckll.)

Homoptera: Pseudococcidae

R, S, I,F

Twig borer

Pachyteria equestris Newman

Coleoptera: Cerambycidae

T

1

R=roots, S=shoots,T-twigs, L=leaves, l=inflorescences, F=fruit.

1.1.7. Pest control and biological control
In 1997-1998, fromthe nearly 500 fruit farmers interviewed, about 90% applied insecticides,
70% fungicides and about 20% herbicides. Generally about half of the fruit farmers used
manual knapsack sprayers, the other half using motorised sprayers. As insecticide and
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fungicide spraying is often done overhead,the person who sprays the tree is highly exposed
to pesticides. To spray tall trees such as mango and durian, the lance of the pesticide
sprayer is connected tothetank bya long hose. One person climbsthetrees to spray, while
a second person stays on the ground and pumps the sprayer to provide the necessary
pressure. Richer farmers with a relatively large orchard (> 1 ha), often hire labour to spray
theirtrees. This labour is usually provided by farmers with small orchards (lessthan 0.3 ha),
or by ricefarmers duringtimesthatthey are not occupied intheir own paddyfields.
Farmers increasingly focusing on monocrop orchards such as Tieu mandarin,
mango and longan has coincided with higher pesticide inputs (Van Meleand Hai, 1999), and
longterm sustainability should be questioned. From 1985 to 1993, annual chemical fertilizer
use nearly doubled from 1.8 million tons to 3.3 million tons, of which more than 80%
consisted of nitrogen fertilizers (DAFF, 1996). Problems with environmental conservation
and sustainable agriculture have been addressed only recently in a two-day Workshop
(January 19-20, 2000) organized bythe Japanese International Co-operation Agency (JICA)
in Can Tho. It was concluded that, despite the fact that the Vietnamese government has
banned several highly toxic pesticides (see below), implementation of pesticide regulation
needs to be enforced, and that research dealing with biological conservation in general, and
biological control agents in particular, needs further support.
Recent surveys indicated that both in rice (Chiem et al., 2000) andvegetables (Hai
et al., 2000) high amounts of the banned products methyl parathion, monocrotophos and
methamidophos are still frequently applied. The organochlorine endosulfan with a high
toxicity to fish, which is a major agricultural resource in the Mekong Delta, is still used by
several farmers. Some vegetable and fruit samples taken from the market contained
pesticide residues far exceedingthe MRL (Cue etal.,2000; Hai ef al.,2000).
Inthe Deltas, inthe perspective to grow fruit without residues and to conserve an
environment without contaminating pesticides, the exploitation of endemic natural enemies
should be further supported. In sapodilla, farmers traditionally use the black ant
Dolichoderusthoracicus (Smith) (Hymenoptera: Formicidae)to controlthe fruit borer Alophia
sp. (Lepidoptera: Pyralidae). This isespecially common practice in Can Tho Province. InTra
Vinh Province, the area of sapodilla cultivation has strongly increased over the past years
(personal observation). Although black ants are also often present in orchards, perceptions
of the benefits are mixed, and consequently farmers use more pesticides than in Can Tho
Province. Another ant species traditionally used as a biological agent, mainly by citrus
farmers inthe Mekong Delta and inthe Northern Mountains and Midlands, isthe weaver ant
Oecophylla smaragdina (Fabricius) (Hymenoptera: Formicidae) to controlthe citrus stinkbug
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R. humeralis among other pests. In the Red River Delta, due to the high amounts of
pesticides applied, on average 14 applications per year, the practice of weaver ant
husbandry has completely disappeared (Pham Van Lam, pers. comm., 2000). Intensification
of citrus production with biocontrol as an important component of integrated pest
management should be well possible in Vietnam as it has been elsewhere, such as in
Australia (Smith etal.,1997), Europe (Vacante, 1995) andthe United States (Flint, 1991).
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1.2. Plant Protection in Vietnam
1.2.1. Plant Protection Department and Extension Service
In Vietnam, both the Plant Protection Department (PPD) and the Extension Service (ES)
resort under the Ministry ofAgriculture and Rural Development (MARD). There is one Head
Office both for North and South Vietnam, and both PPD and ES have a parallel, hierarchical
structure with offices and representatives in each province and district. The ES, however,
was only established in 1993, whereas the PPD exists for much longer. In each province,
the Service ofAgriculture and Rural Development decides howthe budget will be distributed
between these two institutes, the Seed and Variety Development Centre andthe Veterinary
Department. This is based onthe provincial priorities and an annualworking plans submitted
by each ofthese institutes. The hierarchical position atthe provincial level is given in Figure
1.2.1.

Peoples Committee

Serviceof
Science,
Technologyand
Environment

Serviceof
Economyand
Planification

Plant Protection
Department

ServiceofAgriculture
andRural
Development

SeedandVariety
Development
Centre

Financial Service

ExtensionService

Others

Veterinary
Department

Figure 1.2.1. Positionofthe Plant Protection Department (PPD) andthe Extension Service (ES) atthe
provincial level.
Traditionally, the PPD is responsible for pest surveillance, instruction of pest
management practices and supply of pesticides (Chung and Dung, 1996). When the PPD
was involved in IPM programmes in the early 1990s there appeared to be conflicting
responibilities for pesticide supply and for reduction of pesticide use. In the mid-1990s
MARD reorganized the PPD atthe local level and shifted the pesticide supply function ofthe
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PPD to the input supply companies, although in some locations the PPD was still selling
pesticides (Chung and Dung, 1996). Especially sincethe PPD has been involved inthe FAO
National IPM Programme for rice since 1992 and for vegetables since 1996, their approach
has been increasingly based on crop management and farmer participation. From 1993
onwards, pesticide shop keepers need to follow atraining course organized by the PPD in
orderto get alicenseto sell chemical products.
The ES, on the other hand, deals with different aspects related to agriculture,
including animal husbandry. Because this institute has been recently established, it is not
yet equally strong developed in each province or district. Their methodology is mainly
founded on the Transfer of Technology (TOT) and Training and Visit (T&V) principles.
Region-wide, blanket recommendations are formulated and technology packages are
transferredto farmers duringfield days, 1-3 days lasting courses or mass media campaigns.
Depending onthe financial status,the ES appoints andtrains avarying number of extension
co-ordinators at the village or community level. These co-ordinators meet with the
technicians atthe provincial level on aregular basis. The relationship between PPD and ES
varies depending onthe district or province.

1.2.2. Local organizations
Local organizations have also supported the development of the fruit sector. After the Doi
moi policy reform in 1989, Farmers' Organizations (FO) were re-established and the most
popular and efficient groups within this organization are the Farmers' Association, the
Women Union andthe Youth Group. The FO target small farmer groups such as the wellproducing rice farmer groups, the experienced horticulture groups, the farmers' saving and
credit groups, etc., and as such play an important role inthe development of the community
by strengthening and encouraging interactions between different individuals. The wellfunctioning ofthe FO,their impact andthetype of groupstargeted, is highly dependent upon
regional initiatives and priorities. In a case study in Can Tho Province, Ni and Xuan (1998)
indicated that a prerequisite for the sustainable development of a remote area, is the
availability of qualified human resources. For the development of the growing fruit sector,
scientific support and training of government staff and farmers have become increasingly
important.
Each province has aUnion ofAssociations of Science andTechnology. InCan Tho
Province, for instance, the Horticultural Association (HA) is but one of the 19 Associations
belonging to this Union. The HA in Can Tho has currently about 6000 members, divided
over several subgroups dealing with citrus, mango, sapodilla and durian. Its initial aim was

20

Introduction

to haveastronger positionwhen lending money fromthe Bankto invest inthe establishment
of new orchards. As it is the village HA that lends money, individual farmers cannot loose
their land authorization rights in case the loan is not paid back in time. This has already
proven beneficial, especially for those farmers who had major problems with the citrus
greening disease. Most HAs meet onan irregular basisto discuss and exchange information
among its members. Meetings are co-ordinated by the Extension Service, who has close
collaboration withthese Associations.

1.2.3. National institutes supporting plant protection infruit production
Overthe pastyears more and more research institutes and universities conduct research on
one or several aspects of fruit production as a direct consequence of its increasing
economical importance. Some are concentrating their efforts on different aspects of
integrated pest management, although chemical crop protection and testing of inorganic
fertilizers still receives much emphasis.
At the National Institute of Plant Protection (NIPP), Hanoi, limited research has
been initiated in co-operation with the German non-governmental organization (NGO),
Bread for the World, on biological plant protection with botanical and microbial products
against pests and diseases in orange, grapefruit, longan, litchi and durian. Since 1997, field
studies at two different sites are conducted within the Vietnamese-Australian IPM in citrus
project, which is funded by the Commonwealth Scientific and Industrial Research
Organization (CSIRO), to evaluate the effect of petroleum spray oils (PSO) on citrus pests
and natural enemies.
The Southern Fruit Research Institute (SOFRI) at Long Dinh, Tien Giang Province
inthe Mekong Delta,was only established in 1994. Scientists currently evaluatethe effect of
PSO inthe framework of the same Australian project. They also work on the production of
greening-free citrus seedlings in a collaborative project with the International Centre for
Rural and Agricultural Development Research (CIRAD), France. Besides, the potential use
of two parasitoids of the citrus psyllid D. citri is assessed. During the dry season, the two
most

promising

parasitoids

Tamarixia radiata

(Hymenoptera:

Eulophidae)

and

Diaphorencyrtus aligarhensis (Hymenoptera: Encyrtidae) had maximum parasitization rates
of 57%and 32%,respectively (Due and Tuyen, 1999). The parasitoids were ableto develop
throughout the year, but parasitization was reduced to less than 10%when broad-spectrum
pesticides were used. The more selective and less toxic ethofenprox and PSO were more
effective for psyllid control than the conventionally used broad-spectrum pesticides (Hai er
a/., 1999).
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Together with SOFRI, the Plant Protection Department of the Cantho University
has amajortasktotrain staff from ES and PPD,and also more recentlytotrain fruit farmers.
During one-day farmer workshops at District level, an open discussion with questions and
answers followsthe session atwhichthe latest scientific findings are exposed. Staff from ES
and PPD are trained during one-day to one-week lasting training courses. Most on-farm
experiments are conducted in collaboration with the ES. Based on these experiments,
technological packages are delivered through mass media campaigns. Topics cover specific
problems such as diseases in mango and citrus or mite problems in citrus. These
agricultural TV programmes are annually broadcasted at the beginning of the flowering or
fruiting period ofeach crop.

1.2.4. Pesticide policy
World-wide, IPM approaches have succeeded in reducing the use of broad-spectrum
pesticides. IPM methods have proven to be more economical than conventional ones using
only chemicals (Heong ef a/., 1995; Peng ef a/., 1995; Papacek and Smith, 1998). In alot of
countries, the focus has shifted from pest control to pest management and from yield
maximization to yield stability. Documenting the successes obtained in integrated pest
management on one hand and stating the pesticide problems encountered at the
international scene on the other hand, will create greater awareness at the policy level in
orderto shift support for agrochemicaltechnologies to biologically-based technologies.
In the late 1980s, according to the FAO International Code of Conduct on
Distribution and Use of Pesticides, most Asian countries lacked pesticide regulations on
import, sales and use to ensure the safe and correct use of pesticides. In the late 1990s,
most Asian countries, withthe exception of Thailand, have adopted IPMasthe official policy
(Oudejans, 1999). In Vietnam, FAO has given strategic support to the government since
1992 dealing with four major topics, namely (1) pesticides and health, (2) pesticides and
environment, (3) gender, and(4) pesticide policy. Pesticide policies can be assignedto three
groups: regulatory policies, pricing policies and government investments (Waibel, 1993).
Despite successes of the FAO IPM programme in SE Asia, total pesticide sales
steadily increased from 1980 to 1996 in most countries (Oudejans, 1999). Shares of sales
for rice production in the total pesticide market dropped, especially in Indonesia, but were
countered by increased pesticide salesfor horticulture. As could beexpected, overthe same
periodthe pesticide industry has increasingly focused its attention onthevegetable and fruit
market. Especially in Thailand and Malaysia, sales for use in fruit crops showed an overall
growth. From the mid-1980s onwards, the fruit sector in Thailand accounted for a stable
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36% share ofthe total pesticide market (Oudejans, 1999). In 1993, ca 2 1 % and 18% of the
total insecticide and fungicide sales was for use in citrus (Jungbluth, 1995). This illustrates
thatthe Thai government's policy of diversification from riceto crops with ahigh added value
iswell adopted bythe agricultural sector.
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Figure1.24.a.QuantityofactiveingredientsofpesticidesimportedinVietnambetween1991and1998.
The group 'other pesticides' comprise mainly of fungicides and herbicides. Source: Ministry of
AgricultureandRuralDevelopment,Vietnam,1999.
For Vietnam, no information is available on pesticide sales for use in different
crops. Vietnam's agricultural diversification policy only started inthe late 1980s, after which
many farmers converted their ricefields into fruit orchards. After 1988, similar as before the
Doimoi policy reform, input imports still have to be done bythe state export-import agency,
and foreign exchange allocations are still highly controlled by the state (Pingali and Xuan,
1992). Data on the quantity of pesticides imported have only been recorded, or published,
from 1991 onwards, the time that the Vietnamese government made a start with pesticide
regulations.
Insecticide use remained rather stable overthe period 1991-1998 (Figure 1.2.4.a.).
The market share of other groups of pesticides increased rapidly from 1994 onwards,
accounting for morethan 50% ofthe total pesticide market in 1998. Only since 1994, more
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