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Introduction 

Presentation of the report 

 

The objective of this report
1
 is to provide inputs into the effort of the Government of Lao PDR for 

implementing its National Agricultural Biodiversity Programme that was endorsed by the Lao PDR 

Ministry of Agriculture and Forestry in 2004. 

 

In particular, this report reviews the literature in the field of pollination and presents a synthesis of 

information available from a variety of sources. A list of the references is presented at the end of 

the literature review. 

 

The report is divided into six sections: 

 

- The first section summarizes main background information on Lao PDR in the context of 

agriculture and agriculture-related policies, and introduces the context of pollinators and 

pollination in Lao agriculture.  

- The second section is a description of the principles and incidence of pollination. 

- The third and fourth section present a synthesis of the diversity of pollinators and of flower 

plants‟ reproduction systems and briefly overviews, for the main plants of economical 

importance in Lao PDR, the biological characteristics of the flowers and the pollinators 

which intervene in their pollination. 

- The fifth section is focused on the controversial phenomenon of pollinator decline. 

- The last section is a presentation of the main issues and conclusions in pollination and 

management of pollinators for sustainable agriculture. 

 

To the extent possible, these sections will be documented with reports dealing with Lao PDR. 

However, taking into account that the pollination was seldom studied in this country, the field of 

the literature review has been widened in the nearby countries of Lao PDR, or even in remote 

geographic zones, as far as the information is relevant. 

 

Acronyms 

 

CPC Committee for Planning and Cooperation 

DAFO District Agriculture and Forestry Office 

FAO Food and Agriculture Organization of the United Nations 

FOA Faculty of Agriculture – National University Laos 

GOL Government of Lao PDR 

MAF Ministry of Agriculture and Forestry 

NAFRI National Agriculture and Forestry Research Institute 

NBCA National Biodiversity Conservation Area 

NGPES National Growth and Poverty Eradication Strategy 

NTFP Non Timber Forest Product 

PAFO Province Agriculture and Forestry Office 
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1 Context 

1.1 Agriculture and Agricultural Policy in Lao PDR 

The few statistics that can be found regarding the agricultural sector in Lao PDR attest that besides 

numerous extensive farming systems such as rainfed paddy systems or shifting cultivation systems, 

there is a trend towards the development of a modern, intensive and mechanized agriculture. This 

agriculture is focused on the maximization of profits permitted by the expansion of cropped areas for 

cost reduction and on intensification for yield improvement: 

- Increase of permanent crops and arable land areas (respectively + 3% and + 1% per year 

between 1990 and 2000), of the use of means of production (FAO, 2005) such as fertilizers (+ 

300% during the same period) and misuse of pesticides, which might have an effect on the 

overall biodiversity. For example, the termiticide Furadan 3%G appeared in Lao PDR around 6 

years ago and has been used in order to control the development of the Golden apple snail 

Pomacea canaliculata. Sprayed in rice fields, this product had a tremendous effect on the 

reduction of biodiversity (Bounpheng Sengngam, 2003). 

- At the same time, a slight but continuous deforestation can be observed. FAO statistics on 

forest areas indicate an annual average decrease of the forest areas of around 0,5% between 

1990 and 2005 (FAO, 2005). 

 

The current general global trend is moving towards agricultural intensification, and in the future, this 

trend might be strengthened by governmental strategic and political decisions. 

 

1.1.1 The Governmental Strategic Vision for Agriculture Sector 

The government strategy for agricultural development appears in the document “Strategic Vision for 

Agriculture” issued in 1999, which highlights the following elements of particular relevance: 

 Identification of two major agro-ecological zones: flatlands (Mekong corridor) and sloping lands 

and five main types of farming systems (rain-fed paddy-based system, irrigated paddy-based 

system, sloping land farming system, plateau farming system and highland system). 

 Indication of development strategies directed towards development of farming systems in each 

agro-ecological zones. In flatland areas, farming systems strategies emphasis, among others, on 

“the intensified cash crops through farmer-demand driven extension”. In sloping land areas, 

strategies emphasis on “land allocation and land use occupancy entitlement; farming systems 

diversification and agroforestry development through adaptive research, trials and 

demonstrations on farmers‟ fields” (MAF, 1999). 

 

1.1.2  National Growth and Poverty Eradication Strategy (NGPES) 

In 2003, the Government of the Lao PDR adopted a new framework for rural development called the 

National Poverty Eradication Programme and later was re-named the National Growth and Poverty 

Eradication Strategy (NGPES). The final goal of the National Poverty Eradication Programme (NPEP) 

is to permit Lao PDR to leave the group of Least Developed Countries by the year 2020 (CPC, 2003). 

The development of this programme began in 2001 with the adoption of a government directive for the 

“establishment of a plan for eradication of poverty”, defining poor households, villages and districts 

and promoting, among others, “access to agriculture and forest technology”. 
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1.1.3 National Agricultural Biodiversity Programme (NBAP) 

Improved management of agricultural biodiversity is an important option to achieve food security and 

reduce poverty, particularly among the rural poor. Improving the contribution of agricultural 

biodiversity through enhancing the knowledge and improving management capacity in the agriculture 

sector are identified as national priorities of the Lao government, which would need to be supported by 

international partners to achieve globally agreed commitments to food security and poverty alleviation. 

Significant and strategic investments in Lao PDR are required. In this context, a comprehensive 

National Agricultural Biodiversity Programme (NABP) was developed. 

The Programme consists of five main thematic components: crop and crop associated biodiversity; 

livestock; non-timber forest products and other terrestrial food resources; aquatic resources; and 

household integrated agriculture production systems. It also includes a management component and an 

integrated participatory planning approach component. 

 

The NABP was endorsed by the Ministry of Agriculture and Forestry in December 2004 and has the 

aim to support two of the main development priorities for Lao PDR: to achieve food security and 

improve the livelihoods of the rural communities; and to enhance the Government‟s capacity to ensure 

the sustainable use of natural resources. The Programme was designed to be integrated with the 

implementation of the National Biodiversity Strategy and Action Plan, the Strategic Vision for 

Agriculture Sector (2000-2020), and the National Growth and Poverty Eradication Strategy.  

 

1.2 Importance of pollinators in agriculture 

Approximately 80 percent of all flowering plant species are specialized for pollination by animals, 

mostly insects. The negative impact of the loss of pollinators is strongly felt in agricultural 

biodiversity. The role of pollinators is, among other things, to ensure reproduction, fruit set 

development and dispersal in plants, both in agroecosystems and natural ecosystems. In turn, plants 

need to exist in order for pollinators to be able to feed. Indeed, some plant species rely upon a few 

types of pollinators to provide pollination services. Some pollinators such as bees also provide food 

and additional income for rural families, in the form of honey and other by-products - thus, declining 

pollinator populations impact on the sustainable livelihoods of rural families. A decline in pollinator 

populations also affects plant biodiversity. Indigenous species particularly, have been subject to 

external pressures such as habitat destruction and fragmentation resulting from activities such as land 

clearing for agricultural purposes, pesticide use, tourism, and the introduction of exotic species.  

 

Pollinators such as bees, birds and bats affect 35 percent of the world‟s crop production. Animal 

pollinators increase the outputs of 87 of the leading food crops worldwide. In the continents of Latin 

America, Africa and Asia, an average of 40% of the land area of crops is planted to crops with some 

dependence on animal pollinators. These are low estimates, as they do not include secondary crops, 

medicinal plants or wild-harvested crops, but they do provide an indication of the extent to which 

pollinators are essential for many “diversities”: diversity in diet, biological diversity including its 

agricultural dimension and the maintenance of a diverse and resilient natural resource base. 

 

In the future, the strategic vision of the Government of Lao PDR on agriculture and the framework for 

rural development will strengthen, both in flat land and sloping land areas, the trend of the 

development of a more intensified agriculture. The main goal of this kind of „intensified agriculture‟ is 

to obtain the maximum possible crop per area at the best quality. Yield and quality may be improved 

through the management of agronomic inputs such as quality of seeds and planting material, fertilizers, 

which permit to control the implantation of the crop, its nutrition and the depletive effects of 
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parasitism during the different development stage of the crop. But usually, the ecosystem service of 

pollination of the crop is not taken in account. 

 

This observation is a key issue as, for many crops, it appears that the lack of biotic pollinators (insects, 

mammals, birds) are a limiting factor of the yield and the quality (Richards, 2001). Thus, among the 

cash crops, some are self-sterile and require pollination to produce seeds and set fruits; other are self-

fertile but cross-pollination permit to improve the production in terms of quality and quantity (Free, 

1993).  

 

1.3 Information about pollination in Lao PDR 

In several countries close to Lao PDR where the rates of deforestation and agricultural mechanization 

were high in the middle of the twentieth century (for example India, China, Nepal and Vietnam), the 

lack of pollinators has been observed through a decrease in (specific insect-pollinated) crop yields. In 

these countries, there is now a growing awareness of the necessity to protect the pollinators and to 

manage pollination, as other inputs of agricultural production (Partap, 2003. Borges, 2004). 

 

This is not yet the case in Lao PDR. Although some organizations specialized in issues related to 

biodiversity underline the fact that several pollinator species are endangered, pollination and 

pollinators are seldom studied by the national research institutes. 

 

At the level of the farmers, there seems to be confusion between the pollinators and the insects or the 

animals that exercise a negative pressure on the yield. Thus in a survey based on the interview of 30 

farmers, ¾ of the respondents indicate that their crop did not benefit from pollination, ¼ being 

convinced of the opposite. Moreover, if the majority of the interviewed farmers (90%) consider that 

the honey bees (Apis florae, Apis cerana), the stingless bees (Trigona laeviceps, Trigona collina) and 

the bumble bees favor the pollination of the crops, the totality indicate that Thrips, Dung beetles and 

bats insects are harmful for the crops (Sengngam, 2006). 

 

2 Principles and economic value of plant pollination 

2.1 The principles of plant pollination 

The flower is the reproductive organ of angiosperms. A typical flower is hermaphrodite, including 

male and female reproductive organs (Prost, 1987): 

 The male part (Androecium) supports the anthers where are produced pollen (male gamete); 

 The female part (Gynoecium) is constituted of a stigma where the pollen can germinate, which 

means to emit a pollen tube that can cross the style until the ovule (female gamete). 

 

Besides these reproductive organs, a flower includes: 

 A corolla consisting of colored flowers petals, which attract pollinators; 

 Nectarines, which are secreting nectar, a reward for pollinators; 

 A calyx, consisting of sepals, which protects the various floral parts. 

 

The objective of pollination is to permit the meeting of the male gamete (pollen) and the female 

gamete (ovule) in order to produce a seed. It means to transfer of pollen from anthers to the stigma, 

where the pollen will be able to germinate, and to fertilize the ovule. 
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When this process occurs within a flower, it is referred to as self-pollination. This implies that the 

flowers are indeed hermaphrodites, that male and female organs be mature simultaneously and be in 

the vicinity one of the other. In these cases, a passive auto-pollination may occur; the transfer of pollen 

being done either by gravity, or by direct contact between anthers and the stigma. 

 

Otherwise, when pollen from one flower is carried onto the stigma of another flower, this is referred to 

as cross-pollination - which needs a transfer agent, either abiotic (wind) or biotic (animals: insects, 

mammals, birds). 

 

The co-evolution of plant and animal kingdoms allowed the organization of a great diversity of 

pollination systems, involving an important diversity of pollinator agents and flower phenotype
2
. 

 

As Richards A.J indicates, “the majority of world staples are either wind-pollinated, self-pollinated or 

are propagated vegetatively”. The other crops, where pollination is done through an animal agent, 

developed a multiplicity of breeding systems, which are summarized in Table 1 (Richards, 2001). 

 

                                                 
2
 Phenotype: the observable characteristics of an organism, resulting from the interaction between the organism's genotype 

and the environment in which it develops 
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Table 1  Plant pollination needs 
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2.2 Diversity of pollinators 

Animal pollinators include a multitude of species. In particular, the class insect includes several 

thousands of species mainly in the orders Hymenoptera, Coleoptera, Lepidoptera and Diptera (Cf. § 

Diversity of pollinators). 

 

Among the class birds and mammals, some species are important pollinators of tropical plant species. 

 

Among these pollinators, there is a gradient from occasional flower visitors (e.g. flies, beetles, bats) to 

full-time pollinators such as bees (families Apidae, megachilidae), wasps and some birds (Roubik, 

2005). 

 

These full-time pollinators have developed a more or less specific strategy. Thus, bees such as 

honeybees (Apis spp.), stingless bees (Trigona spp.) are generalist flower pollinators or visitors and 

visit a broad range of plant species (Heard, 1999 – Sihag and Mishra, 1995), whereas other animals are 

involved in a specific plant/pollinator relationship – for example, the oil palm Elais guineensis and the 

thrips Elaeidokius kamerunicus (Westerkamp and Gottsberger, 2000).  

 

Until recently, the scientific community considered that honeybees were the most important pollinators 

of crop, in particular from an economic point of view (Mc Gregor, 1976). 

 

In the last decades, it was gradually acknowledged by a part of the scientific community that many 

other species of bees and insects play an important role in the pollination of the crops. Thus in 1996, 

Buchmann and Nabhan reported that a proportion of 80% of the staple crops are pollinated by wild 

animals, whereas only 15% are pollinated by honey bees (Apis spp.) (Buchmann and Nabhan, 1996). 

 

The importance of “wild pollinators” is reinforced by the fact that the reports of the decline of the 

managed honey bee colonies was made in several parts of the world. This was due to the parasitic 

mites, Varroa Jacobsoni and Acarapis woodi and the impact of pesticides and herbicides used in 

intensified agriculture (Ingram et al., 1996). 

 

This section will review the information on social insects, which have been identified in the 

pollination of various crops in South East Asia. After a presentation of these « generalist » 

pollinators, the stress will be laid on the study of the animals having a more « specific 

relationship » with a smaller number of plants. 

 

2.2.1 Pollination by social bees 

2.2.1.1 Apis species 

Lao PDR has an important apiarian fauna. Beside the giant bees (Apis dorsata) and dwarf bees 

(Apis florea) which build a single comb, the colonies Apis cerana build several parallel combs 

placed in closed spaces. Having developed a strategy of social thermoregulation, Apis cerana 

manage to resist strong thermal amplitudes (-30°c with +40°c) and may be kept in 

hive (Sengngam, B., 2005). 

 

As indicated in Tables 6 to 11, these three species have been observed in the pollination of many 

plant species. 
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Apis cerana, an interesting pollinator 

This is in particular the case of Apis cerana (Sihag R. and Mishra R., 1995). The reports about the 

role of Apis cerana in pollination are mainly from India and Malaysia. They show that A. cerana is 

associated with flowers of all categories of pollinated crops and possesses characteristics that make 

it an interesting generalist and manageable pollinator. 

 

In the Himalayan region, various researches done by ICIMOD have proved the importance of bee 

pollination - particularly Apis cerana - in the increase of the yield and quality on fruits and 

vegetables crops. Reports are indicating a reduction in fruit drop in apple, peach, plum, citrus and 

an increase in fruit juice and sugar content in citrus fruit (Partap, 2003). 

Beekeeping activities in Lao PDR and surrounding countries 

The wide forested areas of Lao PDR are favourable for small-scale beekeeping that tries to develop 

in northern provinces of Lao PDR (Phongsaly, Oudomxay, Samneua, Xiengkhouang…). In 

Vientiane Prefecture, a beekeeping activity started 3 years ago in the Faculty of Agriculture 

(Nabong campus). There, various Top Bar Hives were populated with the native species Apis 

cerana (Sengngam, 2005). 

 

Traditional beekeeping with Apis dorsata and Apis florea is also practiced in South East Asia. 

Crane, 1993 and 1997 and Thapa, 2001, described these traditional beekeeping systems. 

 

2.2.1.2 Trigona species 

Stingless bees are also playing an important role in the pollination of many flowering plants in the 

tropics. Several hundred species are arranged in 21 genera (Heard, 1999). These social bees have 

characteristics which resemble those of honey bees and which enable them to pollinate multiple 

plant species. Among these characteristics may be highlighted their adaptability, their floral 

constancy, the possibility to “domesticate the colonies”, the perenniality of colonies and their 

aptitude to constitute large food reserves (Heard, 1999). 

 

Moreover, it has been shown that stingless bees are important pollinators of non-crop species in 

natural habitats. Thus, among 41 plants species studied in the forest of Sarawak (Malaysia), nine 

were pollinated by stingless bees (Kato, 1996). 

 

Trigona species in Lao PDR 

Many Trigona species may be found in Lao PDR. A first experience of beekeeping was started in 

the Faculty of agriculture – Nabong campus, where an apiary including a dozen hives populated 

with the species Trigona laeviceps was installed (Sengngam, 2005). 

 

From this experience, it appeared that Trigona laeviceps could be easily kept in hives. The 

management of a hive populated with this species is simple as well as its division. These 

characteristics let think that it should be possible to use this species for the management of 

pollination in areas missing natural pollinators. 

 

2.2.2 The other pollinators: “an extremely varied group” 

Besides the pollination services of these honey bees, the other pollinators are numerous and 

classified in varied groups which are indicated in the following table (Roubik, 1995). 
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Class Order Family Group Approximate species 

number in South Asia

Bees

Apidae Long-tongued bees 1000

Megachilidae Long-tongued bees 1500

Andrenidae Short-tongued bees 50

Colletidae Short-tongued bees 100

Halictidae Short-tongued bees 500

Melittidae Short-tongued bees 50

Wasps

Agonidae Fig wasps >100

Vespidae Vespids >100

Eumenidae Eumenids >100

Other >500

Brachycera >2000

Elateridae Click beetles >1000

Tenebrionidae Darkling beetles >1000

Chrysomelidae Leaf beetles >1000

Languriidae Lizard beetles >1000

Cerambycidae Longhorns >1000

Buprestidae Metalic woodborders >1000

Scarabaeidae Scarab beetles >1000

Crculionidae Weevils >1000

Others > 2000

Lycaenidae Hearstreals >1000

Noctuidae Owlet moths >1000

Hesperiidae Skippers >1000

Other > 2000

Mammals Pteropodidae Fruit Bats, Flying Foxes 174

Birds Dicaeidae Flowerpeckers 30

Loriinae Lories 2

Nectariniidae Sunbirds 35

Zosteropidae White-eyes 60

Other >50

Source: Roubik, 1995

Lepidoptera

Hymenoptera

Insects

Diptera

Coleoptera

Table 2 Flower visitors and pollinators in South East Asia 

 



  9 

 

 

From this table, it can be highlighted that, as stated previously, bees are the most important 

pollinators, but they are not the only pollinators. As estimated by Ingram et al., more than 100,000 

different animal species play a role in pollinating the 250,000 species of flowering plants (Ingram 

et al., 1996). 

 

The diversity of the pollinators is linked to the high diversity in floral form and width 

(Westerkamp and Gottsberger, 2000). It becomes appreciated by the plant growers that honeybees 

are only one pollinator among others and that solitary bees are one of the essential groups of 

pollinators. 

 

Pollination by bats 

Many economical crops of importance are bat-pollinated including durians (Durio spp.), neem 

trees (Antelaea azadirachta), wild bananas (Musa spp.), timber species of eucalyptus (Eucalyptus 

spp.), and several species of palms (Allen-Wardell, 1998).  

 

In Lao PDR, taxonomic work done by the “World Conservation Society” highlighted that among 

the order Chiroptera (bats), nearly 90 bats species were recorded including 8 to 11 Pteropodidae 

(fruit bats). These bats feed from fruits and flowers. A few of these species are presumably 

pollinating flowers (e.g.: Cynopterus sphinx, Eonycteris speale, Macroglossus sobrinus) 

(Duckworth et al., 1999). 

 

2.3 Assessing the economic value of plant pollination 

The economic contribution of animals to pollination is important for many horticultural and pasture 

crops. Indeed, there is a broad list of plants that benefit from pollinators‟ visits. There is an effect of 

animal pollination not only on seed and fruit set but also on the improvement of seed and fruit quality. 

It also permits a reduction of fruit drop for many horticultural crops.  

 

The estimation of the value of this ecosystem service is a complex matter, including many 

uncertainties. Various estimates have been suggested, giving variable results (Robinson et al., 1989; 

Southwick et al., 1992 in: Goulson et al, 2003). 

 

Costanza et al. propose a methodology to estimate the value of pollination services. At the global 

level, the annual value of these ecosystems services could rise up to US$117 billion. 

 

No data regarding Lao PDR or South East Asia have been published, however Costanza's model 

should permit to estimate the value of pollination services for agriculture in Lao PDR (see Annex 3). 
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3 Plant-pollinator relationships for trees and crops important to Lao 

PDR 

The aim of this section is to describe plant-pollinator relationships for the plants that are of importance 

to Lao PDR. The information presented in this section results from surveys undertaken either in Lao 

PDR, or in countries presenting agro-climatic contexts close to those of Lao PDR. 

 

As in most of countries of South East Asia, the production systems in Lao PDR are slowly shifting 

from traditional agro-forestry systems to cash crops systems. However, in upland areas, these 

traditional agro-forestry systems are still important integrate different components in varying 

proportions such as rice, cash crops, livestock as well as timber and non-timber forest products 

(Sacklokham S. et al., 2001). Hence, the pollination needs of the plants that constitute the basis of 

these more or less intensive systems have been studied. 

 

First, the state of the knowledge regarding relationships between main forest trees of importance and 

pollinators will be presented. Indeed, covering an important part of the total land area of Lao PDR 

(47% in 1989 – FAO 2005), forests still play an important role in the country, being a source of 

valuable timber and NTFP. Only agro-ecological zones, which are similar with those of Lao PDR, are 

considered: tropical rainforest, tropical moist deciduous forest, and tropical dry forest. 

 

Secondly, the study will cover the main crops of economical importance. The information will be 

classified in 6 groups of crops: fruits and nuts, vegetable, oil-seed, fiber, spices and stimulant crops.   

3.1 Forest trees 

3.1.1 Dipterocarpacea 

The family of Dipterocapaceae is probably the most well known tree-family in the tropics, where it 

plays an important role in the economy of many of the Southeast Asian countries. Indeed, the 

dipterocarps constitute important timber for domestic and international needs. (Appanah, 1998). These 

forests are also a source of multiple Non Timber Forest Products (NTFP), which constitute important 

resources for traditional farming systems of South East Asia. Indeed, Dipterocarps play an important 

role in the economies of rural areas, representing as much as 50% of the timber products and even 

70% of the NTFP (Vidal 1963, Phongoudom 2004). It is in particular the case in Lao PDR, which is 

rich in natural dipterocarp forests. Six Genera and 27 species of Dipterocarpaceae have already been 

identified mainly in the dry dipterocarp forest of Lao PDR (12,000 km
2
), Mixed Deciduous Forest 

(83,000 km
2
) and Dry Evergreen Forest (11,400 km

2
) (Phongoudom 2004). 

 

The dipterocarp forests are among the most complex ecosystems, showing a large diversity of plant-

pollinator interactions. The pollination biology in this type of forest has been studied since 1968 in La 

Selva, Costa Rica (Frankie et al., 1990). In South East Asia, the study of floral morphology and 

pollination biology of dipterocarp species is more recent. Thus several phenological observations were 

made between 1985 and 1987 in a lowland dipterocarp forest of Sri Lanka (Dayananda et al., 1990) 

and observations and collections of flowers visitors and pollinators were done between the years 1992 

and 1996 in Malaysia (Momose, 1998). 

 

In the forests of Dipterocarpaceae, the low density of trees reduces the inter-tree movement of 

pollinator and promotes self-pollination (“selfing”). Selfing
3
 is possible due to a weak self-

                                                 
3
 Selfing: fertilization of an ovule by a pollen grain of the same plant 
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incompatibility system, while apomixes
4
 have been reported in several species. They allow occasional 

new variants to spread in the population, promoting differentiation of taxa. However, dipterocarps are 

above all out-crossed. Out-crossing is achieved through a wide variety of pollinators that differ in their 

foraging range and therefore disperse pollen over varying distance. (Bawa, 1998) 

 

In South East Asia, studies undertaken in Sri Lanka and Malaysia (Bawa, 1998 – Momose, 1998) 

illustrate that the dipterocarps are pollinated by a wide variety of insects. The detailed studies listed in 

Table 3 indicate three different classes of pollinators (Social bees Apis and Trigona spp. And Thrips) 

and note the presence of other types of flowers visitors such as Coleoptera and Diptera. 

 

 

 

In 1998, the results of 532 months of observation made between 1992 and 1996 in a lowland 

Dipterocarp forest in Sarrawak, Malaysia, have been published (Momose, 1998). In this forest where 

80% of the tree species bloom in short periods (3-4 months), 270 plants species were observed and 

pollinators assessed. 

 

In summary, the results of these observations show that there are numerous pollinators involved, 

specifically in twelve pollination systems (in which are identified by: the mode of pollination; the 

pollinator; and its relation with the plant: obligate or main pollinators):  

 

                                                 
4
 Apomixis: non-sexual reproduction of a plant, including forms in which no seeds are produced (vegetative reproduction) 

and those in which seeds are produced (agamospermy) 

Species name Pollinators Positive impact by animal 

pollination

References

Vegetable crops

Shorea spp. Section Muticae Thrips presumed to be positive. 

Species thus pollinated are 

relatively abundant

Appanah and chan, 1981

Shorea megistophylla  section 

Doona

Bees, apis spp. + Thrips Dayanandan et al, 1990

Vateria copallifera Bees, apis spp. + Thrips Dayanandan et al, 1990

Dryobalanops lanceolata stingless bees (Trigona spp.); 

Coleoptera; Diptera

Momose et al, 1994

Table 3 Pollinators of some Dipterocarpaceae 
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For half of these pollination systems, the plants are obligately pollinated by a specific pollinator. Thus, 

the plants which are involved in the pollination system listed as “Mammal” are obligately pollinated 

by bats or squirrels, whereas those categorized in the pollination system as “Bird” are obligately 

pollinated by birds. This is also the case for the pollination systems “Amegilla”, “Megachile”, 

“Butterfly” and “Moth”. In the other categories, the plants are dominantly pollinated by the pollinator 

named in the pollination system (e.g. Megachile) but may also be pollinated by others pollinators  

(Momose, 1998). 

3.1.2 Teak 

Tectona grandis (Teak) is another valuable timber species, which is found in the mixed deciduous 

forests. Native to South-East Asia, it can be found in Northwestern part of Lao PDR. Natural teak 

forests covers approximately 10,000 ha in Xayaboury Province (west of the Mekong river on the 

Thailand border) and 6,000 ha in Bokeo Province (east of the Mekong river) (MAF, 1995). 

 

Teak trees may be found scattered individually or in groups forming pure stands (MAF, 1995). 

 

It should be highlighted that tropical forests have a great diversity of timber trees species for which 

there are many gaps in the knowledge on their reproductive biology (Kevan, 1995). This is an 

important issue, in particular for seed production, as seed are important inputs for the numerous 

reforestation programmes of South East Asia. In some cases, it seems that the production of seeds is 

limited due to insufficient pollination. This is the case, for example, for the production of seeds of 

Tectona grandis, for which pollen transfer may be insufficient, probably due to insufficient or 

ineffective pollinators (Tangmicharoen, 1997).  

3.2 Main agricultural crops 

 

This section will review the existing information regarding the pollination needs and the pollinators of 

the main agricultural crops in Lao PDR. Specifically, this section will review the crops: 

 Which are important in terms of cultivated area (see Annex 2). 

 Whose production increased during the last years (see Table 5). 

 For which Lao PDR offers favorable agronomic and economic conditions, permitting a future 

development (e.g.: cardamome, coffee, rubber). 

 

 

Pollination system Nb of plant species

Social Bees 86

Beetle 56

Nomia 21

Bird 19

Amegilla 17

Xylocopa 8

Butterfly 6

Mammal 5

Megachile 4

Moth 3

Diverse insects 37

Other 3

Table 4 Pollination systems for some Dipterocarpacea 
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As can be seen in Table 5, the production of staple crops is still slightly increasing in Lao PDR. The 

annual growth rate of the cropping area, between 1989 and 1999, was close to 2% (FAO, 2005). 

 

 

As previously indicated, these crops are either self-pollinated, wind-pollinated or dependent on 

vegetative growth of tubers, and pollination is only needed for seed production. 

 

Besides these crops, pollination is important for the development of: 

 Oil crops whose cultivated area increased of 7% per year between 1989 and 1999. 

 Fruits and vegetable crops whose total production increased by 4,3 and 6.7% per year, 

respectively, during the same period. 

 Coffee whose average increase of area was higher than 9% (FAO, 2005). 

 

 

The following Tables (below) present information on the main observed pollinators of fruit, vegetable, 

oilseeds, fiber, spice and stimulant crops of importance for Lao PDR, and whose area (ha) production 

(ton) and yield (ton/ha) are indicated in Annex 2.  

 

The information was mainly selected from documents written by researchers in the region surrounding 

Lao PDR, but having a proximity in terms of farming systems or agro-ecological zones. 

 

Information regarding other fruits, vegetables, oilseeds, spices, leguminousis, stimulant and fiber 

crops, of lesser importance for Lao PDR, are listed in Annex 1.  

Table 5 Staple crops in Lao PDR 

Table 6 Trends in the production of various crops 

Laos Cereals Roots and 

tubers

Pulses

1000 ha 1000 ha 1000 ha

1989 626,5 36,7 15,9

1996 591,1 24,7 14,7

1997 636,7 29,5 15,5

1998 663,9 31,8 15,6

1999 758,3 23,2 15,2

Average 

increase

2,3% -4,1% -0,5%

Source: FAO 2005

Laos Soyabean

s

groundn

uts

Oil 

crops

Fruit Vegetabl

e

Cotton Coffea Tea

1000 ha 1000 ha 1000 MT 1000 MT 1000 MT 1000 MT 1000 ha 1000 ha

1989 6 6,1 4,9 122,7 93,7 13,3 15,8 0,4

1996 3,6 9,4 8,6 144 119,9 20,3 23,1 0,4

1997 3,1 14 8,6 158,5 132 21 23,3 0,4

1998 5,9 14,9 9,6 171,1 150,3 22,5 28,6 0,9

1999 6,8 12,9 9,4 171,1 150,3 26 29,3 0,9

Average 

increase

1,5% 12,4% 10,2% 4,4% 6,7% 10,6% 9,5% 13,9%

Source: FAO 2005
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3.2.1 Breeding systems and identified pollinators of main fruit and nut crops of importance in Lao PDR 

Regarding fruit production, despite the increasing production trend, Lao PDR is still importing a large part of its fruit. For instance, even if the country 

is a producer of mangoes, in 2004 it imported 533 Mt of this fruit (FAO, 2005). However, due to the diversity of its agro-ecological zones, Lao PDR 

has the potential to produce much of the imported fruits and may also generate exports in this area. 
Species name Common name Family Breeding system (Roubik, 1995) Breeding system Pollinators

Anacardium 

occidentale

Cashew Anacardiac

eae

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Male and hermaphrodite flowers (CIRAD-

GRET-MAE, 2002). Apparently insect 

cross-pollination (Kevan PG, 1995)

In Malaysia, the main visitors: New-opened flowers: bee flies Lygira 

sphinx and villa spp. + Apis cerana          1 day-old flowers : Lepidoptera 

spp. (Phoon, 1984 and Pjoon et al, 1984: in Free, 1993). The plant is 

primarily anemophilous. But fruit set in open pollinated flowers was 80 % 

and 100 % in Hand Pollination (Thimmaraju, 1993).

Ananas comosus Pineaple Bromeliace

ae

Obligately outcrossing, Parthenocarpic Autostérile. Fruit = parthenocarpic 

development (CIRAD-GRET-MAE, 2002). 

Requires cross-pollination by hummingbirds 

for seed to be produced. (Kevan PG, 1995)

In the case 2 cultivars are crossed for seed production, flowers are 

pollinated by hummingbirds (Westerkamp, 2000)

Artocarpus 

heterophyllus

Jackfruit Moraceae Obligately outcrossing, Parthenocarpic Probably benefit from insect pollination 

(Kevan PG, 1995)

In Indonesia, Trigona bees as well as drosophilid and phorid flies are 

attracted to the male and female flowers (Heard T., 1999).

Averrhoa 

carambola

starfruit oxalidaceae Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

heterostylous (different forms of the same 

flower on different plants (Kevan PG, 

1995)

In Malaysia: flowers are visited by diptera and Hymenoptera (Apis 

cerana, Trigona thoracicia) (Phoone, 1985. Heard T, 1999)

Carica papaya Papaya Caricaceae Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector. Parthenocarpy is said 

to occur (Baker, 1976; Bawa, 1983 in 

Westerkamp 2000)

Gynodioecious. Night blooming flowers 

(Westerkamp, 2000). Male tree: fruit not 

edible, Female tree: edible-subspheric, 

hermaphrodite: edible-piriform (CIRAD-GRET-

MAE, 2002). Cross-pollination is beneficial 

(Kevan PG, 1995)

Hawkmoth (Sphingidae) (Westerkamp, 2000)

Citrus Grandis Pummelo Rutaceae Autogamous, Obligately outcrossing In Indonesia, Trigona bees are visiting these flowers (Heard T., 1999)

Citrus unshiu Mandarin oranges Rutaceae Autogamous, Obligately outcrossing dependent on cross-pollination  (Kevan 

PG, 1995)

In Pakistan, fruit set and fruit weight are increased with insect pollination, 

mainly by Apis florea (Manzoor-ul-Haq, 1978)

Dimocarpus 

longan, 

Nephelium 

Longan Sapindacea

e

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Need entomophillous cross-pollination 

(Kevan PG, 1995)

In Thailand, Apis SPP. And Trigona SPP. (Wongsiri et al., 1998)

Durio zibethinus Durian Bombaceae Obligately outcrossing Bats (Eonycteris spelaea) (Dobat et al, 1985 in: Westerkamp, 2000) and 

might be honey bee and night flying  insects (free, 1993) (Gould, 1978)

Garcinia 

mangostana

Mangosteen Clusiaceae Agamospermous, Obligately 

outcrossing ?

Benefit from entomophillous cross-

pollination (Kevan PG, 1995)

Mangifera indica Mango Anacardiac

eae

Agamospermous - Adventicious 

embryony, Obligately outcrossing

male and hermaphrodites flowers (CIRAD-

GRET-MAE, 2002). Need entomophillous 

pollination (Kevan PG, 1995)

flies, thrips (CIRAD-GRET-MAE, 2002). In Malaysia, mostly diptera 

(Calliphoridae and Syrphidae). It was also observed a Lucilla sp. And an 

Eristalis sp. (Phoon, 1984: in Free, 1993).   In India, A. Cerana  was 

found to be  a very active foreager (Jyothi, 1993). In India, Stingless 

bees are the most common insects visiting mango flowers (Heard T., 

1999)

Musa textilis Abaca Musaceae Parthenocarpic, Obligately outcrossing Pollinated by vertebrates (Kevan PG, 1995).  fruits and seeds. Bats 

(Roubik 1995), nectarivorous nactariniid birds (Itino et al, 1991 in: 

Westerkamp, 2000)

Musa itinerans Musa Musaceae Obligtely outcrossing In Yunnan (China), Sunbirds (Arachnothera longirostri) and long-tongued 

bats (Macroglossus sobrin us) (Liu et al, 2002). In Malaysia, bats (Gould, 

1978)

Nephelium 

lappaceum

Rambutan Sapindacea

e

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

male or female or hermaphrodite flowers 

(CIRAD-GRET-MAE, 2002). Need 

entomophillous cross-pollination  (Kevan 

PG, 1995)

In Malaysia, wide range of insects visitors. Among Hymenoptera: Apis 

cerana and Trigona spp. Among Diptera: Eristalis sp. and Lucilia sp. 

(Phoons et al, 1984: in Free, 1993). In In donesia, 5 species of Trigona 

and A. cerana are potential pollinators (Heard T., 1999)
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3.2.2 Breeding systems and identified pollinators of some vegetable crops of importance in Lao PDR 

The situation for vegetable crops is similar to that of fruit. Production of vegetables in Lao PDR is increasing as can be seen in Table 6 - however, in 

many vegetable plants, it is not the fruit that is eaten. In these cases, production does not depend on insect pollination. However, insect pollination is 

important in obtaining the seeds of these plants. For the vegetables in which the fruit is eaten, pollination must be considered (Kevan PG, 1995).  
 

Species name Common name Family Breeding system (Roubik, 1995) Breeding system Pollinators

Citrullus lanatus Watermelon Cucurbitaceae Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector. Parthenocarpic

Mainly monoecious 

(Free, 1993). Require 

pollination for fruit set 

(Kevan PG, 1995)

Near Pune, India, A. cerana (87%) and A. 

florea and Trigona iridipennis (Rao and 

Suryanarayana, 1988: inFree, 1993)

Ipomoea batatas Sweet potato Self-pollination is 

possible but cross-

pollination occur (Free, 

1993)

Hymenoptera including Melissodes 

rufodentat and M. foxi + Honeybee 

(Thompson, 1925: in Free, 1993)

Lagenaria siceraria bottle gourd Cucurbitaceae Obligately outcrossing Monoecious (Free, 

1993). Require 

pollination for fruit set 

(Kevan PG, 1995)

The bug Cyrtopeltis tenuis (Shrivastaca, 

1991: in Frre, 1993). In Punjab (India),Apis 

cerana permits to increase fruit set from 3 to 

15 % (Alam & Quadir, 1986: in Free, 1993)

Lycopersicon 

esculentum

Tomato Solanaceae Autogamous, Parthenocarpic, 

Obligately outcrossing

Need buzz pollination 

(Westerkamp, 2001)

Bombus terrestris, B. impatiens, B. 

occidentalis (Westerkamp, 2001)

Solanum melongena Eggplant Solanaceae Obligately outcrossing, Autogamous Hermaphrodite flower 

(Free, 1993)

Bees can be used (Kevan PG, 1995)

Nephelium litchi Litchi Sapindacea

e

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Monoecious. Male or female or 

hermaphrodite flowers. Need 

entomophillous cross-pollination  (Kevan 

PG, 1995)

In India, Apis dorsata, A. cerana, A. florea and Melipona spp are 

predominantly present but Musca spp and Vespa spp are als visitors 

(Pandey and Yadava, 1970: in Free, 1993). In Uttar Pradesh and West 

Bengal, Trigona sp. Was the most common visitors to litchee flowers 

(Heard T., 1999)

Passiflora edulis Passionfruit Passiflorac

eae

Obligately outcrossing Usually pollinated by large bees (Xylocopa, Centris, Epicharis, Eulaema, 

Bombus, Ptiloglossa) Honeybees and stingless bees deplete pollen 

before the appropriate bee can make a visit (Westerkamp, 2000). In 

Johor, Malaysia, the carpenter bee Platynopoda latipes was the prime 

pollinator (Mardan et al, 1991)

Tamarindus 

indica

Tamarind Cesalpinice

ae

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Improved seed set from cross-pollination In Karnataka (India), Apis dorsata is the main pollinator (Bhaskar and 

Mahadevaiah, 1990 in: Free, 1993)

Zizyphus jujuba Chinese dat Rhamnace

ae

Obligately outcrossing Cross-pollination permits to increase fruit 

size

In Jodhpur (India), Musca domestica and Apis cerana are the main 

pollinators. Other Diptera spp. and Hymenoptera spp. are also  

pollinators (Singh, 1984 in: Free, 1993)

Zizyphus 

mauritiana

Jujube Rhamnace

ae

Obligately outcrossing Need entomophillous cross-pollination 

(Kevan PG, 1995)

In the Punjab (India), Polistes hebraeus was the most abundant visitor 

(Dhaliwal, 1975. In: Free, 1993). In Jodhpur (India), 7 species of Diptera 

and 11 spp of Hymenoptera were observed visiting the flowers, the 

commonest being Musca domestica and Apis cerana (Singh, 1984. In: 

Free, 1993)

Table 7 Breeding systems and identified pollinators of main fruit and nut crops of importance in Lao PDR 

Table 8 Breeding systems and identified pollinators of some vegetable crops of importance in Lao PDR 
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3.2.3 Breeding systems and identified pollinators of some oil-seed crops of importance in Lao PDR 

Production of most of the crops described in Table 6 was developed during the last 20 years, mainly because of an increase in the domestic market. 

3.2.4 Breeding systems and identified pollinators of some fiber crops and rubber 

Very different crops appear in this group. Such as: 

- Cotton whose production developed during the 1990‟s (cf. Table 6) and decreased in recent years. The area under crop cultivation dropped from 

almost 10.000 ha in 1995 to less than 2.500 ha 10 years later (FAO, 2005). 

- Rubber trees whose cultivation is rapidly growing in northern part of Lao PDR, is doing so because of favorable prices for this tree. It is estimated 

that around 20.000 ha of rubber will be planted in the provinces of Champassack, Luang Namtha, Saravan, Oudomxay (NAFRI, 2006).  

Species name Common name Family Breeding system (Roubik, 1995) Breeding system Pollinators

Arachis 

hypogaea

Groundnut Fabaceae Autogamous, Obligately 

outcrossing

benefit from insect pollination 

(Kevan PG, 1995)

Visits by Thrips and bees may facilitate self-

pollination. In Java, butterflies (Family 

Lycaenidae), bees (Melipona spp and Apis 

cerana). (Heidi, 1923 in: Free, 1993)

Elaeis 

guineensis

Oil palm Palmaceae Obligately outcrossing entomophillous pollination 

(Free, 1993)

Elaeidobius spp. (Elaeidobius kareunicus was 

introduced in Malaysia in 1981) (Free, 1993)

Glycine max Soya Fabaceae Autogamous, Obligately 

outcrossing

Auto-pollination. Insect 

pollination may increase the 

yield (Free, 1993)

Helianthus 

annuus

Sunflower Asteraceae Self-compatible, Obligately 

outcrossing, the pollen must be 

carried out by a vector

benefit from cross pollination 

(Kevan PG, 1995)

In India Apis dorsata and A. florea (Rahoo et 

al., 1985) + A. Cerana and other hymenoptera 

and diptera(Vaish et al, 1978. In Free, 1993)

Sesamum 

indicum

Sesame Pedaliaceae Autogamous, Obligately 

outcrossing ?

Autogamous but 5 % to 65 % 

Allogamous (CIRAD-GRET-

MAE, 2002)

In India : Apis cerana, A. flroea, A. Dorsata 

(Rao et al, 1981 in: Free, 1993)

Species name Common name Family Breeding system (Roubik, 1995) Breeding system Pollinators

Gossypium 

hirsutum

Cotton Malvaceae Autogamous, Obligately outcrossing benefit from cross-fertilization 

(Kevan PG, 1995)

In India, Apis Dorsata, A. cerana, A. florea are 

important pollinators (Sidhu and Singh, 1961 in: 

Free, 1993)
Ceiba 

pentandra

Kapok Bombaceae Self-compatible, Obligately outcrossing, 

the pollen must be carried out by a 

vector

self fertile (Kevan PG, 1995). 

improved by cross-pollination

insects and bats (Kevan PG, 1995). In Malaysia, 

bats (Gould, 1978).

Hibiscus 

cannabinus

Kenaf Malvaceae Self-compatible, Obligately outcrossing, 

the pollen must be carried out by a 

vector

Self-pollination but seed set 

improved by insect pollination 

(Free, 1993)

Bees (Free, 1993)

Hevea 

brasiliensis

Rubber Euphorbiaceae Self-compatible, Obligately outcrossing, 

the pollen must be carried out by a 

vector

Self pollination is possible but 

fruit set is improved with cross-

pollination (Free, 1993)

Midges(Kevan PG, 1995).  In Thailand Honey bees 

(AM?) (Wongsiri et al, 1985). In India, Melipona sp. 

(Jayarathnam, 1970) and Trigone sp. But Honey 

bees do not contribute to pollination 

(Suryanarayana, 1980: in Free, 1993)

Table 9 Breeding systems and identified pollinators of some oil-seed crops of importance in Lao PDR 

Table 10 Breeding systems and identified pollinators of some fiber crops of importance in Lao PDR 
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3.2.5 Breeding systems and identified pollinators of some spices crops of importance in Lao PDR 

Some of these crops are very important in Lao PDR, such as the „Cardamome‟ Amomum villosum whose production under secondary forest cover 

increase in northern provinces of Lao PDR. This NTFP is interesting for its seeds, which are exported in China, Korea and Thailand.  

 

3.2.6 Breeding systems and identified pollinators of main stimulant crops of importance in Lao PDR 

These „stimulant‟ crops are very important in Lao PDR and their production tends to develop. This is, in particular, the case of coffee whose production 

benefit of a good image in international coffee markets and which is mainly exported. 

 

Species name Common name Family Breeding system (Roubik, 1995) Breeding system Pollinators

Amomum villosum Chinese 

cardamome

Zinziberaceae Obligately outcrossing ? Benefit from insect 

pollination

In Laos, Apis cerana, Apis dorsata and Nomia strigate 

(PDDP, 2004)

Coriandrum sativum Coriander Umbelliferae Obligately outcrossing benefit from insect cross-

pollination (Kevan PG, 

1995)

In India, bee pollination increase the yield. Apis cerana, A. 

florea, Trigona iridipennis are the main pollinators 

(Deodikar and Suryanarayana, 1977, Baswana, 1984)

Elettaria 

cardamomum

Cardamome Zinziberaceae Obligately outcrossing Benefit from insect 

pollination

In India, Apis cerana is the most abundant visitor followed 

by A. dorsata, A. florea and Trigona spp. (Verma, 1987, 

Siddappaji and Basavanna, 1980)

Zinziber officinale Ginger Zinziberaceae Obligately outcrossing ?

Species name Common name Family Breeding system (Roubik, 1995) Breeding system Pollinators

Camelia sinensis Tea Theaceae Self-compatible, Obligately 

outcrossing, the pollen must be 

carried out by a vector

fruit set is improved with 

cross-pollination

flies. In Sri lanka, 60 to 90 % of the insects visitors belonged to 

the Diptera. Honeybees contibute more to self-pollination than to 

cross-pollination (Wickramaratne and Vitarana, 1985 in: Free, 

1993)

Coffea arabica Coffee Rubiaceae Autogamous, Obligately 

outcrossing

fruit set is improved with 

cross-pollination

In Indonesia: Social bees such as Apis nigrocinta, Apis dorsata, 

Apis cerana, Trigona terminat a and Solitary bees such as 

Creightonella frontalis, Heriades sp . (Klein, 2002)

Coffea canephora Coffee Rubiaceae Obligately outcrossing fruit set is improved with 

cross-pollination

In Indonesia: Social bees such as Apis dorsata, Apis cerana, 

Trigona terminata  and Solitary bees such as Amegilla sp., 

Xylocopa  dejeanii,Ceratina rugifrons (Klein, 2002)

Nicotiana tabacum Tobacco Solanaceae Autogamous, Obligately 

outcrossing

cross pollination for seed 

production (CIRAD-GRET-

MAE, 2002)

Honeybees could be used in the production of seeds (Girardeau 

and Golden, 1975 in: Free, 1993)

Table 11 Breeding systems and identified pollinators of some spices crops of importance in Lao PDR 

Table 12 Breeding systems and identified pollinators of some fiber crops of importance in Lao PDR 
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In conclusion of this review of information regarding plant breeding systems and interactions 

between plants and pollinators, it can be highlighted that there is a multiplicity of pollination 

systems. Thus the durian (Durio zibethinus), which is commonly known as the "king of the fruits" in 

South East Asia, can be pollinated by the bat Eonycteris spelaea, honeybees and night flying insects. 

The situation is similar for a number of other species belonging to the 6 groups of crops. 

 

However, it can be noticed that only few reports deal with the relation between a plant and one or 

several pollinators in Lao PDR. One of the exceptions relates to cardamome (Amomum villosum), the 

production of which developed recently in northern remote areas of Lao PDR, where natural 

pollinators such as Apis cerana, Apis dorsata and Nomia strigate are numerous. 

 

The information on pollination that is relevant to the context of Lao PDR is limited for a number of 

reasons: 

 It is based on the publication done in South-East Asia. Most of the information comes either 

from Malaysia or India; 

 The agro-ecosystems are diverse and so an observation done in a specific ecosystem may not 

be relevant in another combination of flora and fauna; 

 There are still many gaps in the knowledge regarding pollination mechanisms such as, for 

instance the distinction between pollinators and visitors, which in some case are rather 

depleting pollen before the appropriate pollinator can make a visit. 

 

Besides these limits, it can be seen that the pollination requirements of many plants are still 

unknown and the situation of pollinators is far more complex than the general thinking that tends to 

neglect the ecosystem service provided by numerous pollinators (Borges, 2004. Cane, 1997). 

4 A trend in pollinator decline 

The perception of a worldwide pollinator decline appeared during the last decades and was 

motivated by various reasons: habitat impoverishment, and declines of commercially raised 

pollinators (Richards, 2001. Borges, 2004). 

 

This pollinator decline was observed: 

 In India, where pesticides cause severe insect mortality; natural vegetation removing; and 

monocultures reducing floral diversity and thereby limiting the diversity of pollinators that 

could be supported (Borges, 2004); 

 In the Hindu Kush-Himalayan region, where it appears that there is a reduction in productivity 

of cash crops such as fruit and off-season vegetables, linked to a pollinator problem (Partap, 

2003). 

 

However, the perception is not consensual. The scientific community agrees on the fact that the 

expansion of agricultural area has greatly reduced the local biodiversity in tropical areas and 

degrades ecosystem services (like nutrient cycling and water purification) – however, there is no 

consensus about pollinator decline. 

 

Some researchers underline that there is a negative impact of habitat loss and agricultural 

intensification on pollinator diversity and therefore, there is a decline of numerous pollinators: 

 Declines of solitary bees, bumblebees and honey bees owing to habitat loss, agricultural 

intensification and pesticide uses have been reported (Steffan-Dewenter et al., 2005); 



  19 

 Pollinators others than honeybees and bumblebees have many entries in the IUCN Red List 

(Steffan-Dewenter et al., 2005), which means that these species are endangered, vulnerable or 

threatened (IUCN, 2004). 

They also focus on the fact that the majority of important crops providing fruit or seeds benefit from 

animal pollination. 

 

Other researchers argue that only some pollinators have declined such as honeybees in America, 

some bumblebees and butterflies species. Moreover, they indicate that such declines are not of great 

importance because they will only cause an agricultural crisis for crops that are pollinator dependent, 

pollinator limited and pollinator specific, which is a minor segment. They also add that the loss of 

specialized pollinators mainly affects generalist plants that are buffered from such losses by the other 

pollinators that they also attract (Ghazoul J., 2005). But it is also true that in countries such as Nepal 

and China, loss of pollinators do have an impact on agriculture – this can be seen with the apparition 

of hand-pollination of apples in China, but also socio-cultural effects such as cliff bees in the Hindu-

Kush Himalayan region of Nepal (Partap, 2003). 

 

Notwithstanding, observations of declines in pollinator populations have been observed in various 

part of the world. This is the case in America, where honeybee colonies dropped by 30% between 

1995 and 1996 (Allen-Wardell et al., 1998). Declines have also been observed in Europe and in 

India, where, like in other countries which developed an important beekeeping activity with Apis 

mellifera, honeybees are also suffering serious declines due to the parasitic mites Varroa jacobsoni 

and Acarapis woodi (Sihag, 2001). It has also been found that over-hunting of the megachiropteran 

fruit bats in the islands of the South Pacific reduced the fruit yields of some traditional harvests. 

(Cox and Elmqvist, 2000). 

 

However, it should be noted that there is a tremendous diversity of pollinators which are poorly 

known and there seems to be some important spatio-temporal variations, which pleads in favour of a 

thorough study and over the duration of the pollinators and the populations trends (Borges, 2004). 

 

In Lao PDR, no specific survey has been done regarding the decline of pollinators. However the 

status report about “Wildlife in Lao PDR” written under the supervision of WCS indicates that an 

important number of species have been listed under one of the IUCN red list categories and in 

particular 53% of bats species, 22% of birds species and 6% of insects species. In this survey, it is 

indicated that some of these species are pollinators, such as the cave nectar bat Eonycteris spelaea 

that pollinates durian, jackfruit as well as kapok (Duckworth et al., 1999). 

 

The reasons of this pollinator decline or vulnerability seem to be multiple. 

4.1 A decline linked to intensive agricultural practices 

The apparition of large scale and intensive monoculture is often correlated with a growing use of 

herbicides and pesticides. The spraying of these agricultural inputs is rarely totally accurate, so that 

drifts on the hedges can occur and affect the pollinator population (Richards, 2001). 

 

Similarly, the use of genetic modification could affect biodiversity whether it is due to the 

production by the crops of a toxin, or due to the removal of food plants and habitats that become 

easier to control (Richards, 2001) - for example, most of the Bt-corn hybrids express the Bt-toxin in 

pollen. This pollen, dispersed by the wind, can be ingested by non-target organisms that may slower 

their growth or suffer of higher mortality. This is the case, for instance, of the larvae of the monarch 

butterfly, Danaus plexippus reared on milkweed leaves dusted with pollen from Bt-corn (Losey et al, 

1999 in Borges, 2004). 



  20 

In Maoxian county of China (Hindu-Kush Himalayan region), there is a serious problem of apple 

and pear pollination, because pollinators have been killed by the overuse of pesticides (Partap, 

2003). 

 

In India, it has been shown that: 

 Pesticides cause a high mortality in bees (Anita et al., 1993). 

 The apparition of intensive monoculture reduces floral diversity and so the variety of 

pollinators that could be supported (Borges, 2004). 

 Cropping systems which require tilling and irrigation, cause declines in soil nesting bees. Thus, 

in Hisar, the soil nesting bees Andrena ilerda and A. Laena that are important pollinators of 

oilseed showed important declines (up to six-fold) from 1980 to 1992 (Sihag, 1993). 

4.2 A decline of pollinators richness with increased habitat modification and fragmentation 

Large-scale wood logging and agriculture are leading to important habitat loss, limiting the 

possibility for pollinators to find adequate nesting sites. Different researchers have been working on 

the effect of various land use systems in areas of highland coffee and on the communities of 

pollinators. It appears that the transformation of coffee agro-ecosystems to intensive monocultural 

plantation results in a loss of biological diversity (Schultze et al., 2004) and in a decrease of some 

pollinators such as social bees (Klein et al., 2002. Perfecto, 1997). 

 

In Indonesia, experimentation undertaken in a gradient from near-natural forest through intensively 

managed agroforestry system shows that all taxa do not have the same dynamics. Some are declining 

with habitat clearance. This is the case of social bees. Contrarily, other insects such as solitary bees 

seem to benefit from land use intensity (Schulte et al., 2004). 

 

However, in spite of these variations between taxa, it is proven that traditional, extensively managed 

agroforestry systems support a higher number of bees and wasps than intensively managed 

agroforestry systems (Klein et al., 2002 and 2003). 

 

Besides the decrease of biodiversity, there is also a negative effect of habitat fragmentation on the 

pollination service - it has been shown that fragmentation of habitats may result in the loss of bee 

diversity (Steffan-Dewenter et al., 2005). 

 

Moreover, in a study of different agroforestry coffee fields, it is shown that the diversity of social 

bees decreased with increasing forest distance (Klein et al., 2002). It is also what has been found in a 

survey done in northern Thailand were the “abundance of trigona bees in a longan orchard was high 

at distances of 50 and 200 m from adjoining forest but decreased greatly at 2,5 and 4 km from the 

forest” (Boonithee et al., 1991). 

4.3 A decline due to competition with introduced (exotic) species 

In South East Asia, exotic species of plants and animals have been introduced in different countries 

with more or less success. 

 

In Thailand and Vietnam, the exotic honeybee Apis mellifera has been introduced more than 20 

years ago, allowing the development of a strong beekeeping industry, but provoking a rapid decline 

of the number of apiaries populated with the native species Apis cerana (Pechhacker H., 2000). In 

Lao PDR, where Apis mellifera is not present, there have been various attempts to introduce it in 

order to develop the beekeeping industry, but with no positive result up to now. However, as has 

been highlighted in numerous surveys, the introduction of exotic species is a risky solution. An 
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article published in the Lao journal of agriculture and forestry highlights four kinds of risks linked to 

the introduction of Apis mellifera in Lao PDR (Sengngam et al., 2005): 

- Modification to the balance of the species. This would be related to the disorders of the 

mating between males and queens of the same species; 

- Food competition: the introduced bees (A. mellifera) exploit the same type of flowers as A. 

cerana; 

- Genetic related risks: any introduction of genetic material can have unexpected effects, 

sometimes undesirable (e.g. Africanized Honey Bee in South and Central America); 

- Pathological risks due to the possible dissemination of diseases and parasites of Apis mellifera 

onto Apis cerana. 

 

As indicated by Carlos Vergara, 2005, “in most cases, the introduction of exotic species has been 

performed without prior assessment of possible negative impacts of the pollinators on native 

ecosystems”. 

 

Apart from the possible undesirable effects of exotic bee species regarding the competition with 

native flower visitors for floral resources (Kato et al, 2004) and the spread of parasites or pathogens 

(Anderson, 1995 – Fang, 1995), it is also stated that there is a risk of increased weed problems due to 

a possible pollination of exotic species by introduced exotic bees, and so a progressive change in 

seed set of native plants (Goulson, 2005). 

4.4 A decline due to hunting 

In 1996, Nabhan indicated that, at a worldwide level, 45 species of bats were of global conservation 

concern. For megachiroptera (fruits bats and flying foxes), the most serious threat is hunting. The 

author also stated that hunting was one of the most important threats for over 70 species of passerine 

birds implicated as pollinators and listed as threatened by the IUCN (Nabhan, 1996 in: Allen-

Wardell et al., 1998). 

 

In Lao PDR, the Status Report on Wildlife of Lao PDR highlights the fact that the greatest threat to 

bats appears to be exploitation for food (Duckworth et al., 1999). 

4.5 Consequences of pollinators loss 

Due to these multiple reasons, there is an effect on pollinators and thereby on pollination. In 

temperate countries, several authors indicated a pollination deficit, and some of them have shown 

that, beyond an impact on agricultural productivity, the decline of pollinators affects producers in the 

importing countries as well as in the countries exporting agricultural products (Kevan, 2001). 

 

In tropical agroecosystems, different cases of low yields linked to inadequate pollinator services 

were documented, as it appears on Table 13
5
 (Richard, 2001). 

 

                                                 
5
 A lack of pollination can be the consequence of the introduction of an exotic plant in an area where no efficient 

pollinator exists. This was the case of oil palm, which was introduced in Malaysia. It was first thought the plant was 

wind pollinated. The fruit set being low, the pollination was carefully studied. In 1979, the pollination agent, a 

colleoptera, was discovered. After an analysis of the possible impact of this insect, it was introduced in Malaysia where it 

took the place of hand-pollination of oil-palm tree and to increase the yield of this new crop (Syed R.A. et al., 1982). 

The introduction of Cashew nut from Brazil (native habitat) to North Borneo suffered a similar crop failure due to the 

lack of adequate pollinator (Allen-Wardell et al., 1998). 
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In South East Asia, only few researches studied the consequences of pollination deficit. Thus, for 

crops such as longan (Euphoria longan) and chayote (Sechium edule), it is stated that fields in areas 

with no surrounding trees (and hence no stingless bees) did not bear fruit (Heard, 1999). 

 

From a wider point of view, the pollinator loss and pollination lack may have an effect: 

 At the community level. Beyond the decrease of the pollination service, the loss of a pollinator 

may extend to predators of this animal and, consequently on biodiversity; 

 On food stability, with the decrease of the yield of a crop depending on pollination. Thus, the 

case was documented in Maoxian county (China), where the production of apple and pear 

decreased. The main reason was a pollination deficiency, linked to an over-use of pesticides 

(Partap, 2003). 

Whatever the causes are, the main impacts of natural pollination deficiencies are a decrease of the 

yield and quality of agricultural production and a possible threat on biodiversity. 

 

 

 

 

An implication of this decline of natural pollinators is the need for managing pollination. 

 

Crop species Pollinator Reported environmental 

cause

Effect on yield Reference

SPECIES REQUIRING POLLINATION TO SET SEED

Elais guineensis          

Oil palm

Elaeidobius kamerunicus Absence of pollinator when crop 

introduced to Malaysia

Almost no yield in absence of 

pollinator (cf. foot note)

Syed et al, 1979

Averrhoa carambola         

Starfruit

Apis cerana, Trigona 

thoracica

Shortage of native Trigona 

pollinators in intensive orchards

Introduction of Apis increased fruit 

set

Phoon et al., 1984 in: 

Richard 2001

Passiflora spp.                   

Passionfruit

Xylocopa, Centris, 

Eulaema

Absence of suitable nest-sites 

which can be provided by log 

piles etc.

Apis and other visitors do not 

pollinate flowers. Hand-pollination 

usual in commercial production

Mardan et al., 1991

Durio zibetinus             

Durian

Bats Shortage of bats; can be 

improved by provision of roost 

sites

Self-incompatible strains will not 

set fruit except when bat-visitedin 

multiclonal orchards

Vogel and 

Westerkamp, 1991 in: 

Richard, 2001

Theobroma cacao              

Cocoa

Ceratopogonid midges Shortage of breeding sites in 

pools of water (mosquito risk)

Pollination usually inadequate and 

supplemented by hand-pollination

Young, 1986 In: 

Richard, 2001

SPECIES IN WHICH SEED SET IS INCREASED AFTER ANIMAL POLLINATION

Cocos nucifera             

Cocnut palm

Apis, Melipona Absence of pollinators in 

plantation monoculture

Some wind-pollination, but visits 

by stingless and honey bees 

increase fruit set

McGregor, 1976 in: 

Richard 2001

SPECIES IN WHICH THE QUALITY OF SEEDS OR FRUITS IS INCREASED AFTER ANIMAL POLLINATION

Helianthus annuus              

Sunflower

Various Intensive systems reduce 

numbers of pollinators

Seed quality and oil yield improve 

after cross-pollination

Free, 1993. Bichee 

and Sharma, 1988.

Fragaria  ananassa                

Strawberry

Apis, Trigona, Diptera Crop raised under glass To maximise 'fruit' size, ten apis 

visits or 30 trigona visits needed

Katukani et al., 1993

Table 13 Examples of poor yield of crop resulting from inadequate pollinator service 
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5 Pollination and pollinators management for sustainable agriculture 

Based on the results of this information review, it can be seen that globally, and particularly in South 

East Asia, issues related to pollinators and pollination have been identified. More specifically, 

management of pollinators for sustainable agriculture is an issue that is addressed in a number of 

ways, including through the conservation of habitat and the rearing and promoting of specific 

pollinators. 

5.1 Habitat management for the conservation of „wild‟ pollinators 

It is important to place an emphasis on conservation of pollinators programs due to the facts that: 

 There is an important diversity of wild pollinators which cannot be reared. 

 Most of crop and non-crop species benefit of multiple pollination. 

 

There is a wide range of actions that may be undertaken in order to improve habitats, so as to meet 

insects' needs and to maintain a diversity of „wild‟ pollinators, increasing the chances of sufficient 

pollination. Thus, the creation of habitat diversity, at the scale of the farm (the field), in the form of 

shelter, nest-sites, water pond (…) can promote population of suitable pollinators. As highlighted by 

different authors, “these techniques can be much less expensive in terms of time and labour than the 

alternatives of hand-pollination” (Richards, 2001 – Westerkamp and Gottsberger, 2000). 

 

The objective of habitat management is to offer to adult and larval stage of the pollinators their 

specific food and, possibly, nesting sites. 

 

In surveys done in tropical countries (Lore-Lindu National Park in Indonesia and in Mbalmayo 

Forest reserve in Cameroon) on the dynamics of different animal groups (insects, mammals, birds) in 

habitats ranging from near-primary forest to annual culture, it was shown that species richness 

decline with increasing habitat modification. However, land-use systems such as secondary forests 

and agroforestry systems supported relatively high number of species and might play a significant 

role for biodiversity conservation in tropical landscapes (Schulze et al., 2004 – Lawton et al., 1998). 

 

Also in the Lore-Lindu National Park in Indonesia, it was observed that land-use intensity in 

different coffee systems does not affect all bees and wasps equally. Some species benefit from 

intensive management. This is the case of solitary bees for which open-ground for nests was almost 

absent in forested areas but was characteristics of managed systems. This observation suggests that 

tropical agro-ecosystems may be important in the conservation of the pollination services offered by 

solitary bees to coffee production systems (Klein et al., 2002 – Perfecto I. Et al., 1997). 

Thus it is suggested that the “improvement of coffee fields be achieved with more nesting sites for 

solitary bees, more open ground for ground-nesting bees, and old or dead trees for bees that use as 

nesting sites” (Klein et al., 2003). 

 

At the same time, it appears that the proximity of forest or at least small forest patches including 

indigenous species is favourable to crops pollination by social bees which are able to find nesting 

possibilities in forested areas but whose foraging area is limited by the distance of the nest (Heard, 

1999 – Krell, 1995). 

5.2 Pollination management through pollinators rearing 

In the section regarding plant-pollinator relationships, it has been highlighted that many crops are 

pollinated thanks to social insects such as stingless bees, carpenter bees, and honeybees. Some of 
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these native species, considered as generalist pollinators can be reared for pollination management. 

Hereafter will be presented the experiences and possibilities to increase the supply of such 

pollinators. 

5.2.1 Rearing honey bees 

Among the three species of honeybees pollinating the crops all over South East Asia, only Apis 

cerana can be kept in hives and managed for pollination purposes. 

 

In different countries of South-East Asia, managed pollination with this species exists. This is the 

case, for instance, of Himachal Pradesh (Hindu Kush-Himalay Region) were a system has been 

established for hiring and renting Apis cerana colonies (Partap, 2003). According to the author, this 

is the only place in the Hindu Kusk-Himalaya Region where a well organized system for hiring and 

renting hives has been established. 

 

In Lao PDR, as previously indicated, beekeeping with Apis cerana is practiced in different provinces 

such as Oudomxay, Phongsaly, and Luang Namtha. There is a potential for the development of 

beekeeping, thanks to the introduction of simple innovation, such as the Top Bar Hive (Sengngam 

B., 2005). But, up to now, the hives are not used for pollination management, probably due to the 

fact that the farmers are not aware of the importance of pollination and the ways of managing it. 

Moreover, it has to be highlighted that the management of a hive populated with Apis cerana is a 

complex matter, the species being prone to absconding and swarming (Sengngam, 2005). 

5.2.2 Rearing stingless bees 

Stingless bees are also an important pollinator of many tropical plants. Among this wide group of 

social bees, some of the species possess characteristics that enhance their importance as crop 

pollinators, such as their adaptability to multiple plant species, their aptitude to be kept in hives, and 

the fact that the swarms are perennial (Heard, 1999).  

 

Therefore, for instance, the species Trigona laeviceps is already used for pollination of crops in 

Northeast Thailand, where the center of extension of Khon Kaen organized a program of research 

and of extension about the stingless bees (Department of Extension of Thailand, 2002). 

 

In the Philippines, a group of farmers started to propose pollination services. They are renting hives 

populated with Trigona species for tropical fruit crop pollination (Baconawa, 2000). 

 

In Lao PDR, a first apiary with the species Trigona laeviceps was implemented in 2004, in the 

Faculty of Agriculture (Nabong campus) and permitted to organize practical works in the course of 

entomology (Sengngam, 2005). For the time being, these hives are not used for pollination purposes.  

5.2.3 Diversification of „domesticated‟ pollinators 

Together with the hived honeybees and stingless bees, there are possibilities to manage the 

pollination of specific crops thanks to the rearing of selected pollinators. 

 

Different experiences of pollinators bred or augmented for pollination in Asia are documented. For 

example, the carpenter bee Xylocopa latipes is found to be an efficient pollinator of passion fruit in 

Southern Asia. This social bee can be reared in hives having a specific design, similar to the 

multiple-comb hive of the honeybee (Mardan, 1995). The author also indicates “the provision of 

wooden logs for carpenter bee nesting should be enough to provide the right number of pollinators 

where these bees occur” (Mardan et al, 1991). 
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Several mango plantations in Malaysia breed flies, which seems to be the main visitors of many 

cultivars. In these cases, the techniques of breeding are rudimentary, based on discarded plastic 

bottle or plastic bags containing a breeding substrate such as fish refuse. After dipterans have laid 

eggs in the substrate, the receptacles are hung on branches of mango trees (Mardan, 1995). 

 

Other examples of insects that can be managed for pollination are (Sihag, 1995): 

 The carpenter bee, Xylocopa fenestrata, which pollinates several cucurbits in semi-arid and 

subtropical climates and which can nest in hollow stems with soft internal pith such as Castor 

(Ricinis communis) and Sarkanda (Arundo sp.). The internodes of preferred length and 

diameter are taken by females choosing a nesting sites; 

 The megachilid species Megachile haryanaensis and Chalicodoma rubripes, which are 

potential pollinators of alfalfa (Medicago sativa). They possibly nest in “paper drinking straw” 

of different diameters. The straws are packed in small wooden boxes carrying a thin cotton 

sheet at the base and closed from one side. 

 The megachilid species Chalicodoma lanata and Chalicodoma cephalotes, which are 

pollinators of pigeon pea (Cajanus cajun), can nest in rectangular wooden blocks filled with 

castor stems (Ricinis communis). 

With these nesting devices, it is possible to rear these insects and hence, to manage the pollination of 

these crops. 

 

The services in agricultural pollination offered by ground-nesting bees are also valuable and it 

should be interesting to better understand the role that sensory cues, learning and memory play in 

nest recognition in order to be able to manage this “neglected pollinator resource” (Cane, 1997). 

5.2.4 Rearing exotic species: a risky alternative 

In many countries of South–East Asia, exotic species of insects have been introduced for several 

purposes: 

 In Thailand, Vietnam, China, the exotic honey bee Apis mellifera was introduced in order to 

improve honey production; 

 In Malaysia, Elaeidobius kamerinoibus was introduced for the pollination of the oil palm trees. 

 

The alternative to introduce an exotic species for a pollination purpose has to be taken in 

consideration very carefully. Indeed, it can have positive as well as negative impacts. If the 

introduction of Elaeidobius kamerinoibus in Malaysia was a success allowing the development of 

the oil-palm industry (Syed et al, 1982), the introduction can also be dramatic. This is, for instance, 

was the case of the accidental introduction of the Africanized Honey Bee in the vicinity of Sao 

Paulo, which brought about the colonization by this hybrid of South and Central America (Dietz, 

1995). 

 

As indicated by Vergara, “most introduced pollinators can be considered as invasive species and 

may have detrimental effects on both native pollinators and native plants” (Vergara, 2005). 

5.3 Artificial ways of managing pollination 

In Maoxian county (Hindu Kush-Himalayan), it was noted that pollinators have been killed by the 

overuse of pesticides and beekeepers were reluctant to rent their honeybees for pollination due to the 

risk of poisoning. Hence, hand pollination was seen as a practice of managing pollination in apple 

crop and is now a common practice in this valley (Partap, 2003). 
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Hand-pollination is also applied to vanilla production, due to the fact that often this plant is cropped 

outside the geographical range of its pollinator (large euglossine bees). In the case of this crop, it has 

been estimated that the cost of hand pollination would represent 40% of the total cost of production 

(Westerkamp and Gottsberger, 2000). 

 

In most cases, this time-consuming method may not be sustainable because of increasing labour 

scarcity and costs (Westerkamp and Gottsberger, 2000 – Partap, 2003). 

6 Main Conclusions 

Through the review of available literature, identifying plant/pollinator relationships (relevant to Lao 

PDR), and briefly examining pollinator management practices for agricultural production, the main 

considerations emerged as follows: 

6.1 Awareness and knowledge on pollination 

In Lao PDR, there is low awareness and little information regarding animal pollinators, their 

potential impact on agriculture and native vegetation, and the crops that benefit from animal 

pollination. There is also a lack of basic knowledge of plants reproductive biology and of animal 

visitors and pollinators‟ identification, as well as knowledge of pollination management options, 

although there is a limited knowledge on beekeeping with native species such as Apis cerana, Apis 

dorsata and Trigona laeviceps.  

 

Hence, there is a need to raise awareness, and build capacity, from the field level, to the policy level, 

involving farmers, extensionists, the scientific community, policy and decision-makers, as well as 

the general public.  

6.2 Loss of biodiversity 

It appears that in Lao PDR, there is pressure placed on the animal and plant kingdoms, due to the 

development of a mechanized and intensive agriculture based on the use of increasing level of inputs 

(fertilizers, pesticides, herbicides). One of the consequences of this trend is the loss of biodiversity 

(and probably a pollinators decline). 

 

Therefore, there is a need to make farmers and agricultural officers sensitive to the consequences of 

inadequate practices such as overuse and misuses of pesticides, removal of natural habitat on natural 

biodiversity. 

6.3 Native pollinators 

Lao PDR hosts a great diversity of native pollinators of which some developed specific relations 

with crops of economic importance. Some of these pollinators are threatened due to hunting and 

possible introduction of exotic species. 

 

Consequently, it is important to promote these native pollinators by underlining their specificities 

and calculating the value of the services offered in comparison with the cost of hand pollination. 
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The author presents the situation of pollination in The Philippines, focusing on managed pollination with 

honeybees and Stingless bees. Following this article, it is important to highlight the fact that pollination is not 

reduced to “pollination with manages pollinators” and that there is a wide variety of wild pollinators of interest. 

Boonithee A., Juntawong N., Pechhacker H., Hüttinger E. 1991.  Floral visits to select crops by 4 

Apis species and Trigona species in Thailand. Int. Symp. Pollin. 6th, Tilburg. Acta Hort 288: 74-

80. 
APIS SPP – TRIGONA SPP 

THAILAND 

Borges 2004. Conservation of pollinator services in rain forests. 

http://www.wii.gov.in/envis/rain_forest/chapter16.htm 
In this paper, the main questions regarding pollinators are examined. 

Pollinator declines: this point, perceived by pollination biologists is documented and the causes of such declines 

are presented. Among them, the author underlines the widespread usage of pesticides, the removing of natural 

vegetation for the development of a large-scale agriculture, the fragmentation of habitat, the infection by 

http://www.beekeeping.com/articles/us/pollination_philippines.htm
http://www.wii.gov.in/envis/rain_forest/chapter16.htm
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important parasites such as Varroa jacobsoni and Acarapis woodi, the accidental release and spread of non-

native pollinators. 

In a second part, the author analyses the consequences of this decline of pollinator over the services offered by 

pollinators and highlights the numerous gaps in the knowledge regarding pollination such as the adequate 

sampling of pollinator population, the effect of pesticides on wild pollinators, the behaviour of these wild 

pollinators. 

POLLINATION SERVICES 

WORLD WITH FOCUS ON INDIA 

Bounpheng Sengngam. 2003. The effect of a solution of Furadan on the Golden Apple Snail, 

Pomacea canaliculata. Faculty of Agriculture – National University of Lao PDR. 
This paper is the report of an experimentation done by Mr. Bounpheng Sengngam in Nabong campus. It is not 

directly linked with pollination, however, it is based on an over-utilization of insecticides to control an 

important pest of rice: Pomacea canaliculata. The idea of this experimentation is to find other way to control 

Pomacea canaliculata and so to decrease the effect of Furadan on the fauna. 

Cane 1997. Ground-nesting bees: the neglected pollinator resource for agriculture. Proc. Int. Symp. 

on Pollination. Act Hort 437. ISHS, 1997. pp 309-323. 
The authors documents the fact that no more than 10 bee species have been managed for agricultural 

pollination, only, one species being a ground-nesting bee. 

These ground-nesting bees offer valuable services in agricultural pollination and it should be interesting to 

manage them, which mean, at first to better understand the role that sensory cues, learning and memory play in 

nest recognition. 

In a second time, the authors indicates the importance to encourage “passive management strategies of existing 

populations” by carefully time the use of bee-toxic insecticides during bloom; preserve habitats for nest sites; 

plant supplementary nectar and pollen hosts. 

GROUND-NESTING POLLINATORS 

Cane. 2001. Habitat fragmentation and native bees: a premature verdict. 

www.ecologyandsociety.org/vol5/iss1/art3 
It is based on experimentation done in various place of the world. 

At first, the authors focuses on what is said in various conservation-oriented reviews, dealing with butterflies, 

bees and showing that “habitat is broadly deleterious to invertebrate pollinators”. 

In a second time, the authors concludes that here is a need to give more time for research: 

- In area where the local habitat is transformed, the composition of invertebrate communities or floral guilds is 

often altered. But in all the cases, some native bee species have increased as well as decreased in either 

abundance or incidence as a consequence of, probably, factors such as nesting substrate, floral specialization. 

- Useful future studies must have temporal depth (identification, appreciation of nesting needs, floral resources) 

- Importance to measure the incidence of minimal floral capacity for native bee communities, and how resilience 

they have. 

- We are only beginning to understand the possible effects of habitat fragmentation on bees. 

Costanza R., d‟ARGE R, De Groot R., Farber S., Grasso M., Hannon B., Limburg K., Naeeme S., 

Paruelo J., Raskin RG., Sutton P., Van den Belt M. 1997. The Value of the World‟s ecosystem 

services and natural Capital. Nature: 387: pp253-260. 
The value of the world‟s ecosystems services is calculated on the basis of simple economical hypothesis. 

The author underlines the weaknesses of the model but; in the same time; he stresses the fact that this is 

important to get such model for: 

- Modifying “systems of national accounting to better reflect the value of 

ecosystem services and natural capital”; 

- Improving “project appraisal, where ecosystem services lost must be weight 

against the benefits of a specific project”. 

http://www.ecologyandsociety.org/vol5/iss1/art3
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Even if the estimates are rough (the value of ecosystem services varying from simple to triple according to 

hypothesis: $16 trillion with the elimination of nutrient cycling to $54 trillion using the high end of the range in 

Supplementary information and adding deserts, tundra and ice/rock), the interest of such a model is the 

simplicity of its use which makes it possible to obtain values of the ecosystems services (multiplication of the 

surface of 17 biomes by an estimation of the value of the ecosystem service per unit area). 

Cox P.A., Elmqvist T. 2000. Pollinator extinction in the pacific islands. Conserv Biol. 14: 1237-

1239. 
POLLINATOR EXTINCTION 

PACIFIC ISLANDS 

CPC. 2003. The Lao PDR‟s National Poverty Eradication Programme. 
NPEP 

LAO PDR 

Crane E., Luyen V., Mulder V. 1993. Traditional management system for Apis Dorsta in submerged 

forest in Southern Vietnam and central Kalimantan. Bee World 74(1): 27-40. 
The authors describe the traditional techniques of honey harvest from colonies of the giant bee Apis dorsata. 

APIS DORSATA 

VIETNA 

Crane E. 1997. Beekeeping with Apis florae in The Indus basin and some other areas. Bee World 

78(2): 63-66. 
These two short articles are presenting the practices in the production systems based on the native bees Apis 

dorsata and Apis florea. 

APIS FLOREA – APIS DORSATA 

INDUS BASIN - VIETNAM 

Deodikar G., Suryanarayana M, 1977. Pollination in the service of increasing farm production in 

India. Advances in pollen-spore research. Vol II: 60-82. 
POLLINATION 

INDIA 

Department of Extension - Thailand, 2002. Stingless bees. Plant Protection, Ministry of Agriculture 

– Thailand. 29 p. 
This booklet, written in Thai by the department of Extension of the Ministry of Agriculture of Thailand, is 

composed of 4 parts: 

- Introduction on stingless bees 

- Biology of the stingless bees 

- Structure of a colony 

- Rearing stingless bees and importance for agriculture. 

STINGLESS BEES 

THAILAND 

Dietz. 1995. Africanized honey bees in temperate zones. Bee World 76: 56-71. 
The authors summarize the history of the Africanized Honey Bees, showing how, the tentative to develop a 

hybrid between European and African strain of Apis mellifera will cause a tremendous modification of 

beekeeping activities all over south and Central America. 

The paper is an interesting message to take in account when there is a willingness to introduce Apis mellifera in 

an area where this species is absent. 

AFRICANIZED HONEYBEE 

Donald. 1998. Changes in the abundance of invertebrates and plants on British farmland. British 

wildlife 9: 279-290 

 

Doungyotha, Yupa, Owens, John N. 2002. The reproductive biology and reproductive success of 

Pterocarpus macrocarpus. Biotropica. 34(1): pp 58-67. 
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The objective of the study is to determine the cause of seed and fruit loss. It appears that there is a probability of 

a high level of self-incompatibility. The authors also indicate that the fruit production may be enhanced by 

increased cross-pollination among unrelated parent trees, which may be accomplished by insect and tree 

spacing. 

PTEROCARPUS MACROCARPUS 

THAILAND 

Duckworth J.W., Salter R.E., Khounboline K. 1999. Wildlife in Lao PDR. 1999 Status report. 

IUCN-WCS-CPAWN. http://www.wcs.org/international/Asia/Lao PDR/wildlifeinlaopdr 
This is a report on the state of Wildlife in Lao PDR. 

For each species studied, it is indicated its range of habitat, feeding behaviour and if the species has been listed 

under one of the IUCN red list, its conservation significance. 

In Lao PDR, Nearly 90 species of bats have been recorded and 700 species of birds, among which some are 

feeding on flowers and may pollinate them. 

BATS – BIRDS 

LAO PDR 

Dyananda S., Attygalla D.N.C., Abeygunasekara A., Gunatelleke I., Gunatelleke C. 1990. Phenelogy 

and floral morphology in relation to pollination of some Sri Lankan Dipterocarps. In: Reproductive 

ecology of tropical forest (Eds Bawa K.S. and Hadley M.): pp 103-133 
DIPTEROCARPACEAE 

SRI LANKA 

Anderson, 1995. Viruses of Apis cerana and Apis mellifera. In The asiatic hive bee: apiculture, 

biology and role in sustainable development in tropical and subtropical Asia : p161-170. 
In this paper, the author makes a presentation of the known viruses of Apis mellifera and Apis cerana and 

describes their aspect. In summary, 13 viruses could be isolated on colonies A. mellifera L. against 3 on A. 

cerana. 

APIS MELLIFERA – APIS CERNA  

VIRUSES 

FANG Y., 1995. The present situation of bee disease in beekeeping with Apis cerana in China. In 

The Asiatic hive bee: apiculture, biology and role in sustainable development in tropical and 

subtropical Asia: p191-192. 
The author presents the diseases and pests in Apis cerana. A paragraph on Sackbrood disease is particularly 

interesting. This frequent parasite of A. will mellifera, was discovered on A. cerana in 1971 in the province of 

Guandong in China. This disease was quickly propagated in the provinces of Yunan, Sichuan, Fujian, Jiangxi 

and Anhui, causing many losses of colonies of Apis cerana 

APIS CERNA  

CHINA 

FAO. 2000. Selected Indicators of Food and Agriculture Development in Asia-Pacific Region, 1989-

99 http://www.fao.org/documents/show_cdr.asp?url_file=/docrep/004/ab988e/ab988e00.htm 

 

FAO. 2005. Statistics on: 

- Forest area: www.fao.org/forestry/site/32185/en/lao 

- Asia-Pacific Forestry Sector Outlook Study: Summary of the Country Outlook: LAO PDR: 

http://www.fao.org/DOCREP/W8190E/W8190E00.HTM 

- FAO, Global Forest Resources Assessment 2005: 

http://www.fao.org/forestry/foris/webview/forestry2/index.jsp?siteId=6835&sitetreeId=3208

5&langId=1&geoId=0 

- Means of production, Land, Agricultural production databases: 

http://faostat.fao.org/faostat/collections?subset=agriculture 

 

http://www.fao.org/forestry/site/32185/en/lao
http://www.fao.org/DOCREP/W8190E/W8190E00.HTM
http://faostat.fao.org/faostat/collections?subset=agriculture


  32 

Frankie G.W. 1990. Plant Phenology, Pollination Ecology, Pollinator Behaviour and Conservation of 

Pollinators in Neotropical Dry Forest. In: Reproductive Ecology of Tropical Forest Plants (Eds. 

Bawa K.S. and Hadley M.). 
Mainly based on the study of Neotropical Forests. 

DIPTEROCARPACEAE 

NEOTROPICS 

Free J.B. 1993. Insect pollination of crops – 2nd Edition. 684p. Academic Press, London. 
This is a reference book regarding pollination. For each plant family, and often, at the level of the economically 

interesting species and/or varieties, the author reviews: 

- The description of the flower, with, at times, a floral diagram 

- The pollination process 

- The need of pollinators and the possibility to managed the pollination 

process (through colonies of Honey bees for instance) 

The information is based on the compilation of publication written in various part of the world. 

It is, thus, possible to get specific information for different countries or part of the world. 

PLANTS-POLLINATORS RELATIONSHIPS 

Ganeswara Rao A. Jhansi K., Venugopal Rao K. and Mohan Rao K. 1993. Effect of bee (Apis 

cerana indica F.) pollination on the yield of sunflower. In: Pollination in tropics – Proceedings of 

the International Symposium on Pollination. (Eds. Veeresh G.K., Shaanker R.U., Ganeshaiah 

K.N.). 
The authors present the results of an experimentation done in Andhra Pradesh (INDIA). There is a positive 

effect on the yield of the pollination of sunflower by Apis cerana indica The yield in bee pollinated plots (1321 

kg/ha) was significantly higher than in self pollinated plots (435 kg/ha). 

SUNFLOWER 

INDIA 

Gazit S., Galon I., Podoler H. 1982. The role of nitidulid beetles in natural pollination of Annona in 

Israël. J. Am. Soc. Hort. Sci. 107: 849-852. 
NITIDULID BEETLE 

ANNONA 

ISRAEL 

Ghazoul J. 2005. Buzziness as usual? Questionning the global pollination crisis. Trends in Ecology 

and Evolution. 20(7). July 2005. 
At first, the author underlines the trend in biodiversity reduction in temperate and in tropical countries, due to 

the spread of agriculture. One of the consequences is the degradation of nutrient cycling and water purification. 

Then the author tries to demonstrate that for pollination, the situation is not so catastrophic. He justifies its point 

of view with the following points: 

- Pollinator declines are only likely to cause an agricultural crisis for crops that are pollinator dependent, 

pollinator limited and pollinator specific, which is a minor segment; 

- Interaction asymmetry appears to be the norm among pollinators: specialist pollinators tend to visit plants 

that accept many pollinators' species, whereas the pollinators of plants that are specialized in their 

pollinator requirements are themselves generalists. Thus the loss of specialized pollinators mainly affects 

generalists' plants that are buffered from such losses by the other pollinators that they also attract. 

A first conclusion is that even if pollinator decline, their impact on plant reproductive processes is likely to be 

muted. 

In a second time, the author tries to demonstrate that the pollinators are not declining: 

- Honeybees in America have declined (> 50% of manages colonies) due to the parasitic mites, but, 

Africanized Honey Bees, which are good pollinators, have partly offset these losses and, there is an 

important potential for the pollination with native pollinators, which can compensate the decline of 

Honeybees. 
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- In Europe In Europe where there are concerns for bumblebees and butterflies, destruction of habitat has 

caused declines among some butterflies species. But other has expanded their range. 

- In SE Asia, the abundance of bees in undisturbed forests was higher than in disturbed forests; but disturbed 

sites support more solitary bees. 

- In South America, there is a resistance of tropical bees to habitat fragmentation, as shown by a comparison 

of actual data and information having 500 years ago about native bees and wasps. 

However, the author agrees on the fact that the simplified agricultural landscapes that characterize Europe, 

North America and an increasing part of tropics lack semi-natural habitats that pollinators favour, which can 

have an effect on crop pollination (correlation between proximity of forest and pollination rate). 

To conclude, in order to prevent from a pollinator crisis, the author suggests: 

- To diversify the suite of crop-pollinating species 

- To provide pollinating services with non-Apis species 

- To conserve semi-natural habitat remnant in human-dominated landscape 

- To detect long term directional trends which requires coordinated regional sampling strategy over many 

years 

POLINATOR DECLINE 

Girardeau J., Golden B. 1975. Honeybees and tobacco cross pollination. J. Econ. Ent. 68: 15-16. 
NICOTIANA TABACCUM 

Gould E. 1978. Foraging behavior of Malaysian Nectar-feeding bats. Biotropica 10(3): 184-193. 
In this article, whose aim is to give information on the foraging behaviour of nectar-feeding bats, the authors 

summarize the knowledge gathered about the nectarivorous bats and species that feed on fruit and nectar. 

There is also a rapid presentation of the species of chiropterophilous plants in Malaysia, of which Durio, Ceiba, 

Parkia, and Musa and Oroxylum species, before a thorough analysis of the foraging behaviour of this pollinator 

in Malaysia. 

BAT 

CHIROPTEROPHILOUS PLANTS 

MALAYSIA 

Goulson. 2003. Conserving wild bees for crop pollination. Food, Ag and Envt 1: 142-144. 
The article is based on the fact that the Honeybee Apis mellifera is “overwhelming the most widely managed 

pollinator of crops” and that there is a growing appreciation that there are alternatives to the honeybee that are 

not able to adequately pollinate some crops. 

After a first part showing that pollinator population are declining, and that the potential of some crops may not 

be realized, due to pollination limitation, the authors highlights the importance of encouraging native 

pollinators, taking example in different countries of Europe. There, the government policies now place 

emphasis on combining the goals of agriculture and conservation. Thus farmers of some of these countries can 

now choose to adopt a range of schemes, which aim to reduce yields and increase farmland wildlife. 

WILD POLLINATORS 

EUROPE 

Goulson D. 2005. Risk of increased weed problems associated with introduction of non-native bee 

species. Journal of Food, Agriculture and Development. 3 (2): 11-13. 
This article shows another risk of the introduction of exotic pollinators. 

This one would be the development of weed problems due to the interest of these exotic pollinators to exotic 

weeds. 

The author presents a result of an observation done in Tanzania where, following the introduction of Bombus 

terrestris, seed set of Lupinus arboreus has increased dramatically. 

However, the author also underline that in the absence of long term studies of weed population dynamics in 

relation to the presence or absence of exotic bees, it is not possible to conclude regarding a possible further 

increase of the weed problem. 
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INTRODUCTION OF EXOTIC SPECIES 

Hadisoesilo S, 1995. Pollination management principles. In: The Asiatic hive bee: Apiculture, 

Biology, and Role in Sustainable Development in Tropical and Subtropical Asia. Eds. Peter G. 

Kevan). 
The author explains that the crop production not necessarily increases after pollination with bees. There are 

several factors that might cause the failure to increase crop productivity, one of them being pollinator 

management. 

In this articles, it is discussed the principle of pollination management. But, most of the information is based on 

pollination of temperate crops with Apis mellifera. The author underlines the fact that research in the pollination 

management in the tropics, especially with tropical pollinators is urgently needed, to suggest ways of improving 

crop productivity. 

POLLINATION MANAGEMENT 

TROPICAL ASIA 

Heard, 1999 The role of stingless bees in crop pollination. Annual review of entomology 44: 183-

206. 
Stingless bees are the major visitors of many flowering plants in the tropics. The species are arranged in 21 

genera. 

In the paper, the author analyses the strength and weaknesses of this pollinator, with a special attention on the 

importance of the habitat for its efficiency. In a second part, the authors review the crops being visited and the 

crops being visited and pollinated by stingless bees. 

The characteristics of stingless bees, favourable for pollination: 

- Adaptability, rapidity in learning to exploit the resources offered by introduced plants 

- Floral constancy 

- Domestication; perennial colonies 

- Large food reserve 

- Forage recruitment 

- Low level of absconding 

- Resistant to the diseases and parasites of Honey bees 

- Important pollinators of non-crop species in natural habitat. This is the case in Sarawak (Malaysia) were 9 

species among 41 investigated were pollinated by stingless bees 

However, some weaknesses are highlighted such as: 

- Colony growth rate are low 

- Some species damage leaves in search of resin 

Natural vegetation can influence abundance of stingless bees. Thus the abundance of Trigona species in a 

longan orchard in northern Thailand was high at distance of 50 and 200 m from adjoining forest but decrease 

greatly at 2,5 and 4 km from the forest (Boonithee A. et al, 1991) 

The potential of stingless bees for crop pollination is enhanced by the ability to transfer colonies into artificial 

hives. 

Hives can be transported, opened for extraction of honey, inspection, feeding. 

The author concludes with the fact that these bees possess many characteristics that enhance their importance as 

crop pollinator, both as wild populations and managed pollinators. 

However, forest clearing threatens the role of wild population in crop pollination. 

Stingless bees make a contribution to pollination to (+/-) 70 crops species. 

Displaying a greater range of foraging behaviour than Honeybees, they are one of the pollinators that will be 

highly benefit for pollination of particular crop in various habitats. 

STINGLESS BEES 
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Ingram M. Nabhan G.P., Buchmann S. 1996. Impending pollination crisis threatens biodiversity and 

agriculture. Tropinet 7(2). 
POLLINATION CRISIS 

IUCN, 2004. 2004 IUCN Red List of Threatened species. http://www.iucnredlist.org/ 
THREATENED SPECIES 

Jyothi J.V.A. 1993. Pollination activity of Apis cerana indica on Mango, Mangifera indica. In: 

Pollination in tropics – Proceedings of the International Symposium on Pollination in Tropics. 

(Eds. Veeresh G.K., Shaanker R.U., Ganeshaiah K.N.). 
Study on mango tree to measure the pollination activity of A. cerana. A. cerana was found to be a very active 

forager. 

Another message is that the use of pesticides during the flowering period affected the abundance and activity of 

A. cerana, leading to a decreased pollination. 

MANGO TREE 

APIS CERANA 

INDIA 

Kakutani, T., Inoue, T., Tezuka, T. and Maeta, Y. 1993. Pollination of strawberry by the stingless 

bee, Trigona minangkabau, and the honey bee, Apis mellifera: An experimental study of 

fertilization efficiency. Researches in Population ecology 35: 95-111 
Comparison of the efficiency of pollination thanks to Trigona minangkabau and Apis mellifera in controlled 

atmosphere (glasshouses) near Tokyo, Japan. 

TRIGONA MINAGKABAU – APIS MELLIFERA 

JAPAN 

Kato M. 1996. Plant-pollinator interactions in the understory of a lowland dipterocap forest in 

Sarawak. Am J Bot. 83: 732-743. 
DIPTEROCARPACEAE 

MALAYSIA 

Kato M., Kawakita A. 2004. Plant-pollinator interactions in New Caledonia influenced by 

introduced honey bees. 
The authors present the results of the observation of flowers visitors on 99 plants species. The pollination 

systems observed are dominated by melittophily, which is observed in 46,3% of the cases. 

The ratio is similar as in other studies, excepted for the importance of moth pollination, which rise at 20% of the 

cases. 

The main message is the fact that, the introduced bee, Apis mellifera, is the most dominant organism observed 

on flowers and that this insect is now visiting plant species which were previously pollinated by native solitary 

short tongued bees. This invasive species may endangered other unique systems of pollination mutualism. 

INTRODUCTION OF EXOTIC SPECIES 

NEW CALEDONIA 

Kevan P.G. 1995. Insect pollination of economically important plants of tropical and subtropical 

Asia. In: The Asiatic Hive Bee (Eds. P.G. Kevan). 
The author summarizes the state of the knowledge about pollination of important plants of tropical and 

subtropical Asia. He highlights the gaps in our knowledge pointing the contradiction between data. “ranging 

from statements about pollination by insects being completely unnecessary to out-crossing being required”. 

The lack of information is particularly important in the area of timber trees and vegetables. 

The author also points out the fact that “all too little is known of the reproductive biology of most valued timber 

trees of forests”. Thus, if the trees are highly specific in their requirements for pollination and the pollinators are 

finely attuned to the tree for their own reproduction, then over-cutting could produce a vicious cycle of decline 

in both plant and pollinator. 

PG Kevan ends his article stating that most of the economic plants for which cross-pollination is beneficial are 

also good honeybees plants, showing that beekeeping and agricultural-productivity are interwoven. 

INSECT POLLINATION 

TROPICAL & SUB-TROPICAL ASIA 

http://www.iucnredlist.org/
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Kevan P.G. and Philips T.P. 2001. The Economic Impacts of Pollinator Declines: An Approach to 

Assessing the Consequences. http://www.ecologyandsociety.org/vol5/iss1/art8/ 
ECONOMIC IMPACT 

POLLINATOR DECLINE 

Klein, Steffan-Dewenter 2002. Predator prey ratio in cocoa along a land use gradient in Indonesia. 
The result of the research did not show changes in the total abundance and total species number of arthropods, 

but the community structure with respect to the foraging guilds changes. 

The authors underlines that some taxa are little sensitive to extreme habitat modification (as shown by Lawton 

et al, 1998). Some populations seem to be even enhanced by land use. Moreover phytophageous and 

entomophageous arthropods responded differentially. These conclusions are similar as what the authors 

highlighted in 2001 “species richness of solitary bees and trap nesting wasps increased with land use intensity, 

whereas social bees declined” (Klein et al., 2001). 

These results show that management practices had a great impact on arthropod community structure. The 

abundance of phytophageous arthropods increased with land use intensity, whereas entomophageous arthropods 

decreased. Moreover, it appears that the predator-prey ratio on cocoa decreased significantly with increasing 

land-use intensity. 

Since predator-prey ratios greatly decreased with increasing land use intensity, local farmer should have least 

problems in traditionally diversified agroforestry systems, while land use intensification should release insect 

pests from possible control by their natural enemies. 

THEOBROMA CACAO 

INDONESIA 

 

Klein, Steffan-Dewenter, Buchori D., Tscharntke T. 2002. Effects of Land-use intensity in tropical 

agroforestry Systems on Coffee Flower-Visiting and Trap-Nesting Bees and Wasps. 

Conservation Biology 16(4). August 2002. 
Stating that: “traditional land use systems such as agro forestry are characterized by high vegetation diversity, 

and these traditional systems can maintain surprisingly high levels of biodiversity”, 

the authors verify on 12 agro forestry systems of Coffea canephora in Lore Indu National Park (Indonesia) 2 

hypothesis: 

- Traditional, extensively managed agro forestry systems support a higher 

number of bees and wasps than intensively managed agro forestry systems; 

- Land-use intensity does not affect all bees and wasps equally. Some species 

may even profit from intensive management. 

A similar result was obtained by Perfecto et al, 1997, in coffee agro-ecosystem of Costa Rica. 

This is an important result as in many countries, coffee is the only forested habitat left at mid-elevation and it 

constitutes, for the study area, one of the important cash crops. 

Hypothesis to explain why solitary bees profited from land-use intensity are: 

- More nesting site of ground-nesting solitary bees. In fact, it seems that nest 

of solitary bees are not adapted to the high humidity of the tropics, and 

humidity decrease with increasing land use. It has been observed that open-

ground for nests was almost absent in forested areas but was a characteristic 

of managed systems. 

- Negative correlation between abundance of social and solitary bees. 

At the end, the authors conclude that these results suggest, “that tropical agro ecosystems may be more 

important for nature conservation than previously thought”. 

COFFEA CANEPHORA 

INDONESIA 

Klein Steffan-Dewenter, Tscharntke T. 2002. Fruit set of highland coffee increases with the diversity 

of pollinating bees. Proc. R. Soc. Lond. B(2003) 270, 955-961. 
The aim of the study is too analyze the effects of bee diversity and abundance on the fruit set of Coffea arabica. 
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Based on 24 agroforestry coffee fields, the experimentation showed that diversity of pollinators explained 

variation in fruit set. 

The authors also highlight the fact that the diversity of social bees decreased with forest distance. For the 

solitary bees, this is the opposite: their diversity increase with light intensity of the systems. 

COFFEA ARABICA 

INDONESIA 

Klein Steffan-Dewenter, Tscharntke T. 2003. Bee pollination and fruit set of coffea arabica and C. 

canephora. AM J Bot 90(1): 153-157. 
This is a comparative study of pollination mechanism of Coffea canephora and C. arabica. 

The authors conclude that cross-pollination by bees cause a significant increase in fruit set of self-sterile but 

also self-fertile coffee species. 

COFFEA ARABICA – COFFEA CANEPHORA 

INDONESIA 

Krell R., 1995. Alternative to artificial pollinator populations. In: Roubik D.W., 1995. Pollination of 

cultivated plants in the tropics. FAO agricultural services bulletin n°118. pp 74-84. 
The author describes different methods for the preservation of the habitat of wild pollinators in which adult and 

larval stages of the pollinators will find their food and nesting sites. 

Beside the large reserves, which permit to conserve whole ecosystems, many small habitats can preserve the 

natural beneficial pollinator species. These small habitats can be hedges, field boundaries, home gardens, and 

small forest patches. Later on, it is also possible to cultivate plants whose nectar benefit to pollinators and so to 

select the crop. 

HABITAT MANAGEMENT 

Lawton J.H., Bigneli D., Bolton B., Bloemers G., Eggleton P., Hammond P., Hodda M., Holt R., 

Larsen T., Mawdsley N., Stork N., Srivastava D., Watt A. 1998. Biodiversity inventories, 

indicator taxa and effects of habitat modification in tropical forest. Nature 391. January 1998. 
This publication was selected due to the importance of the message. The experimentation was done in 

Cameroon. So, this is far from the studied area. But, it permits to strengthen the messages given by the German 

team (Schulze, 2004), which are: 

- No one group serves as a good indicator taxon for change in the species 

richness of other group; 

- Species richness declines with increasing disturbance. 

Moreover, it indicates that to provide inventories of tropical diversity and impact of forest modification require 

a tremendous biological effort. 

In the experimentation, a gradient from near-primary forest, through old growth secondary forest and plantation 

forest to complete clearance was examined for 8 animal groups (birds, butterflies, flying beetles, canopy 

beetles, canopy ants, leaf litter ants, termites and soil nematodes). 

The attempts to use an indicator taxa to predict different kinds of organisms have different ecological 

requirements and so are extremely unlikely to show similar responses to even major changes in habitat. 

2 other messages may be highlighted: 

- Maximum diversity in tropical forets will be conserved by maintaining a 

mosaic of habitat including primary and old growth secondary forests. 

- Some managed forests (plantation of native species, established by partial 

forest clearance) may help to maintain diversity for invertebrates and 

vertebrates taxa. 

BIODIVERSITY 

INDICATOR TAXA 

INDONESIA 
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Liu A.Z., Li D.Z., Wang H., Kress W.J. 2002. Ornihophilous and Chiropterous pollination in Musa 

itinerans (Musaceae), a pioneer species in Tropical Rain Forests of Yunnan, Southwestern 

China. Biotropica 34(2): 254-260. 
The objectives of this study were to examine the pollination syndrome of M. itinerans, discuss its ecological 

role as a pioneer species. It appears that M. itinerans is both chiropterophilous and ornithophilous; i.e. both the 

long-tongued fruit bat (Macroglossus) and the sunbird (Arachnothera) are effective pollinators. 

MUSA ITINERANS 

BATS SUNBIRDS 

YUNNAN (CHINA) 

MAF. 1995. Teak in the Lao People‟s Democratic Republic - Department of Forests. in Teak for the 

Future - Proceedings of the Second Regional Seminar on Teak 
The article written by the MAF, Lao PDR, is a presentation of the valuable timber species Tectona grandis 

(Teak). Lao PDR has two major teak forests in Xayaboury and Bokeo Provinces. Moreover, the species is used 

for numerous plantations in Lao PDR. 

TECTONA GRANDIS 

LAO PDR 

MAF. 1999. Strategic Vision for Agriculture. Ministry of Agriculture and Forestry. 
STRATEGIC VISION FOR AGRICULTURE 

LAO PDR 

Manzoor-ul-haq, Rafie-ul-din M. and Ghaffar A 1978. Effect of insect pollination on fruit bearing in 

Kinnow Mandarin (Citrus reticulata), and physical and chemical properties of the fruit. J. Apic. 

Res. 19: 83-88. 
CITRUS RETICULATA 

PAKISTAN 

Mardan M., Yatim I.M., Khalid M.R. 1991. Nesting biology and foraging activity of carpenter bee 

on passion fruit. Acta Hortic 288: 127-132 
The authors present the results of a study on biology and foraging behaviour of an indigenous Carpenter bee 

Platynopoda latipes in Passion fruit Passiflora edulis. The study was done in Johor, Malaysia. 

The Studies on both the foraging behaviour of the carpenter bee and floral biology of the passion fruit indicated 

morphological and phenological compatibility in pollination. 

PASSIFLORA EDULIS 

PLATYNOPODA LATIPES 

MALAYSIA 

Mardan M. 1995. Varried pollinators for Southeast Asian crops. In: Roubik D.W., 1995. Pollination 

of cultivated plants in the tropics. FAO agricultural services bulletin n°118. pp 142-148. 
The author summarizes the knowledge on varied pollinators for Southeast Asian crops. Some of them may be 

hived such as honeybees (Apis cerana), stingless bees. In these cases, the author gives information for the hive 

implementation, for its management. 

Others pollinators (solitary bees) can be managed in artificial nesting devices, which are presented in the article. 

SOCIAL BEES – SOLITARY BEES 

MANAGEMENT 

McGregor S.E. 1976. Insect pollination of cultivated crop plants. USDA-ARS, US Gov. Print Office, 

Washington DC, Handbook 496. Agriculture. 

 

Momose K., Nagamitsu T., Inoue T. 1994. Reproductive ecology of an emergent tree, Dryolaops 

lanceolata, Dipterocarpaceae in a non general flowering period in Sarawak. In: Plant 

reproductive systems and animal seasonal dynamics (Eds  Inoue T. and Hamid A.A.). 
DIPTEROCARPACEAE 

MALAYSIA  
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Momose K., Yuloto T., Nagamitsu T., Kato M., Nagamasu H., Sakai S., Harrison R.D., Itioka T., 

Hamid A.A., Inoue T. 1998. Pollination biology in a lowland dipterocarp forest in Sarawak, 

Malaysia. I. Characteristics of the plant-pollinator community in a lowland dipterocarp forest. 

Am Jo of Bot 85(10): 1477-1501. 
This paper is based on the fact that over than 80% of the emergent and the canopy tree species bloom in short 

period of 3-4 months. According to Ashton, Gimish and Appanah, 1998, thrips can quickly respond to the 

general flowering. This type of pollination systems has been found in the genus Shorea (Appanah and Chan, 

1981). 

In the neotropics, hummingbirds and euglossine bees are the most long distance specific pollinators but they are 

absent in South-East Asia. It would be expected that long distance specific pollinators have also roles in the 

species rich lowland dipterocarp forests. 

12 categories of pollination systems were found. The largest number of plant species was pollinated by social 

bees 32% and beetle 20%. 

DIPTEROCARPACEAE 

MALAYSIA 

Moog U., Fiala B., Federle W., Maschwitz U. 2002. Thrips pollination of the dioecious and plant 

Macaranga hullettii (Euphorbiaceae) in South east Asia. Am J Bot 89: 50-59. 
The aim of this study is to provide evidence for thrips pollination

 
in the genus Macaranga. 

MACARANGA HULLETTII 

THRIPS 

MALAYSIA 

 

NAFRI. 2006. Intercropping with rubber for risk management. 

In: The Lao Upland sourcebook. Pp. 41-46. 

http://www.nafri.org.la/document/sourcebook/Sourcebook_eng/volume2/07_rubber_raintree.pdf 

 

Partap 2003. Case study n°10. Cash crop farming in the Himalayas: The importance of pollinator 

Management and Managed Pollination. In: Biodiversity and the Ecosystem Approach in 

Agriculture, Forestry. Http://www.fao.org///docrep/005/y4586e/y4586e11.htm 
The article is a summary of the knowledge about pollination and pollination management in the countries of the 

Hindu-Kush-Himalayan (HKH) region. After a first statement about the effect of inadequate pollination on crop 

productivity, the author summarizes the information and the experimentation done showing the decline of 

pollinator population. Then he underlines the importance of pollinator management as a solution of the problem 

of cash crop pollination. There is a demonstration of the efficiency of the honeybee Apis cerana in the 

pollination of the crops in the Himalayan region. 

This article is interesting for the area on which is focused this review, as some of the crops are similar. 

Moreover, there are some proximity regarding the existing pollinators and, more generally, on the ecosystem, 

the production systems and their evolution trend. 

POLLINATOR MANAGEMENT 

MANAGED POLLINATION 

HIMALAYAS 

Patel A. 1993. The dioecious fig / Pollinator mutualism: How does it works. In: Pollination in tropics 

– Proceedings of the International Symposium on Pollination in Tropics. (Eds. Veeresh G.K., 

Shaanker R.U., Ganeshaiah K.N.). Pp 125-127. 
This study documents the phenology of 2 wild dioecious figs growing in the tropics (Karnataka INDIA) and 

quantifies the variation in the fig/pollinator mutualism. 

FICUS SPP. 

INDIA 

Pechhacker H., Juntawong N. 2000. Apis mellifera versus Apis cerana in the north of Thailand. Bees 

for Development Journal #30. http://www.beesfordevelopment.org/info/info/species/apis-

mellifera-versus-api.shtml 

http://www.fao.org/docrep/005/y4586e/y4586e11.htm
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The authors are highlighting the rapid decreasing of apiaries with Apis cerana in Northern Thailand, indicating 

that there is link of this trend with the introduction of the exotic species Apis mellifera (“the bee of the rich 

man”). 

APIS CERANA – APIS MELLIFERA 

THAILAND 

Perfecto I., Vandermeer J., Hanson P., Cartin V. 1997. Arthropod biodiversity loss and the 

transformation of atropical agro-ecosystem. 
The results obtain in this experimentation are similar as those obtain by Klein et al, 2002. They indicate that the 

major transformation of previous coffee agro ecosystem to capital-intensive monocultural plantations results in 

a significant loss o biological diversity. This means that traditional agro-ecosystems should be included in the 

conservation units. 

COFFEA ARABICA 

COSTA RICA 

Phongoudom C. and Sirivongs K. 2004. The role and development status of Dipterocarpaceae 

Family in Lao PDR. 
This paper summarizes the main results regarding economical importance, taxonomy, ecology, seed 

multiplication and conservation of Dipterocarpaceae in Lao PDR. 

DIPTEROCARPACEAE 

LAO PDR 

Phoon A.C.G. 1984. Insect pollination of some Malaysian fruit trees with special reference to the 

honeybee Apis cerana. Ph.D. Thesis, University Pertanian Malaysia. 
FRUIT TREES 

MALAYSIA 

Prost P.J. 1987. “Ouvrières, pollinisation”. In: Apiculture. Lavoisier, Paris. 
This is a reference book in the field of beekeeping with the Honey Bee Apis mellifera. It includes a chapter on 

pollination. In a first part, the general concept of pollination is explained. Then, the author gives some 

indication for driving pollination with hives of Apis mellifera. 

PRINCIPLES OF POLLINATION 

Punchihewa RWK, 1994. Crop pollination requirements. In Beekeeping for honey production in Sri 

Lanka. ISBN 955 – 9282 – 00 – X. 
The author indicates that until now, in Sri Lanka, pollination requirements have been little considered. Now 

self-sufficiency in rice being reached, it is probable that the future agricultural planning will emphasize on the 

production of other crops for which there will be a need of animal pollination. 

Then the author indicates the reasons explaining the efficiency of honeybees as a pollinator. 

APIS SPP. 

 SRI LANKA 

Rao G., Lazar M., Suryanarayana M. 1981. Foraging behaviour of honeybees in sesame (Sesamum 

indicum. Indian Bee J. 43: 97-100. 
SESAMUM INDICUM 

INDIA 

Reddi C.S.,  Reddi E.U., Reddi N.S., Reddi P.S. 1983. Reproductive ecology of Sapindus 

emarginatus. Proc. Indian Nat. Sci. Acad. 49B: 57-72. 
SAPINDUS EMARGINATUS 

INDIA 

Richards A.J. 2001. Does low biodiversity resulting from modern agriculture practice affect crop 

pollination and Yield. Annals of Botany 88: 165-172. 
This article is a bibliographic review. 

In a first part, the author summarizes the principle of pollination. Then, the aim of the paper is to discover if the 

crop yield has suffered from the effect of modern farm practices on pollinators. 
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Few conclusions are done: 

- Agricultural landscapes are not devoid of pollinators, but their diversity and 

number is lower. The quality of a crop may suffer in the absence of suitable 

pollinators. 

- Only few well-documented cases in which reduction in crop yield is the 

result of poor pollinator service. In the majority of the cases, low activity by 

suitable pollinators has apparently resulted from intensive farm systems, 

with a corresponding loss of habitat suitable for the pollinator close to the 

crop. 

- The creation of habitat diversity within a farm in the form of shelter, nest-

sites, water … can promote population of suitable pollinators, and these 

techniques can be much less expensive in terms of time and labour than the 

alternatives of hand-pollination. 

The article includes an interesting table presenting different examples of poor yield of crop fruits resulting from 

inadequate pollinator service. 

PRINCIPLES OF POLLINATION 

EFFECTS OF MODERN AGRICULTURAL PRACTICES 

Roubik D.W. 1995. Pollination of cultivated plants in the tropics. FAO agricultural services bulletin 

n°118. 
POLLINATION 

TROPICS 

Sacklokham S., Degoul D. 2001. Une agriculture à la limite de se capacité. Eds Comité de 

Coopération avec le Lao PDR. 143 p. 
The aim of the book is the analysis of the agrarian system in the Sloping land areas of Phou Khao Khouay, 

situated in Vientiane Plain.  

After a first part on the history of the agrarian systems in this area, the authors analyze the agricultural practices. 

AGRARIAN SYSTEMS 

LAO PDR 

Sakai S., Momose K., Yumoto T., Kato M., Inoue T. 1999. Beetle pollination of Shorea parvifolia 

(Section Mutica, Dipterocarpaceae) in a general flowering period in Sarawak, Malaysia. AM J 

Bot 86(1): 62-69. 
DIPTEROCARPACEAE 

BEETLE - THRIPS 

Schulze C.H., Waltert M., Kessler P.J.A., Pitopang R., Shahabuddin, Veddeler D., Mülenberg M., 

Gradstein S.R., Leuschner C., Steffan-Dewenter, Tscharntke T. 2004. Biodiversity Indicator 

Groups of Tropical Land-Use Systems: Comparing Plants, Birds, and Insects. Ecological 

applications 14(5) 2004. 1321-1333. 
The main objective of the study was to analyze whether different taxonomic groups respond in a similar way to 

land use. 6 plant and animal groups were surveyed in five habitats ranging from Near Primary Forest to Annual 

culture. 

In conclusion, it appears that only a few taxonomic groups turned out to be good predictors for other. 

An important conclusion is also the fact that land use systems such as secondary forests and agroforestry 

systems might play a significant role for biodiversity conservation in tropical landscapes. 

BIODIVERSITY 

INDONESIA 

Sengngam, 2003. Comparison of the effect of 6 concentration of Furadan on the Golden Apple Snail, 

Pomacea canaliculata. Faculty of Agriculture – National University of Lao PDR. 
This is a report regarding an experimentation on the effect of different concentration of the termiticide Furadan 

on a rice pest, the Golden Apple Snail Pomacea canaliculata. 
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In the report, the author summarizes the history of this apple snail in Lao PDR. It appeared in 1992 and 

developed in the rain fed rice fields. In order to control its development, the farmers sprayed Furadan 3G in rice 

fields; this product had a tremendous effect on the reduction of biodiversity. 

BIODIVERSITY 

INSECTICIDE 

LAO PDR 

Sengngam B & Vandame J. 2005. Honey production in the Lao PDR: forest honey and beekeeping. The 

Lao Journal of Agriculture and Forestry - n°11 July-December 2005: 32-66. 
The authors are summarizing the situation of beekeeping in Lao PDR, highlighting the experiences of 

traditional beekeeping with Apis cerana in the provinces of Lao PDR. 

In a second part, the authors indicate that the development of beekeeping in Lao PDR faces an important 

strategic choice: the introduction of the exogenous species Apis mellifera or the slow development of the actual 

beekeeping with endogenous species Apis cerana and Trigona laeviceps. 

It appears that the introduction of Apis mellifera is a risky solution. In this case, the beekeepers would have 

to bear economical risks linked to important investment charges; pathological risks due to the high 

sensitivity of Apis mellifera to pests and bacteria; genetic risks engendered by the introduction of new 

genetic material and marketing risks resulting in the necessity to feed colonies with large quantities of 

sugar. 

On the other hand, the development of a beekeeping based on the endogenous species, Apis cerana 

and Trigona laeviceps, would give the Lao farmers the possibility to diversify their activities and to 

strengthen their farming systems. 

BEEKEEPING 

APIS CERANA – APIS MELIFFERA – TRIGONA LAEVICEPS 

LAO PDR 

Sengngam B. 2006. Review of Capacity in Lao PDR and an In-Depth Review of Existing 

Information in Lao PDR 
LAO PDR 

Shrivastava U. 1991. Insect pollination in some cucurbits. Acta Horticultura 288: 445-451. 
CUCURBITACEAE 

INDIA 

Siddapaji C. Basavann G. 1980. Role of honeybees in the pollination of Elettaria cardamomum. 2
nd

 

international Conference on Apiculture in Tropical climates: 640-648 
ELETTARIA CARDAMOMUM 

INDIA 

Sidhu S. and Singh S. 1961. Studies on agents of cross pollination of cotton. Indian Cott. Grow. Rev. 

15: 341-343 
GOSSYPIUM HIRSUTUM 

INDIA 

Sihag R. 1993. Management of some sub-tropical megachilid bees for pollination of alfalfa and 

pigeon pea. In: Pollination in tropics – Proceedings of the International Symposium on 

Pollination in Tropics. (Eds. Veeresh G.K., Shaanker R.U., Ganeshaiah K.N.): pp 229-232. 
In the article, the author explain how to maintain the megachilid bee in artificial nesting site and benefit from 

their pollination services on alfalfa and pigeon pea. 

MEGACHILID BEES 

PIGEON PEA 

INDIA 

Sihag R. 1993. Population dynamic of adrenid pollinators at sub-tropical Hisar (India). In: 

Pollination in tropics – Proceedings of the International Symposium on Pollination in Tropics. 

(Eds. Veeresh G.K., Shaanker R.U., Ganeshaiah K.N.): pp 270-273 
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ADRENID POLLINATORS 

INDIA 

Sihag R.C. 1995. Management of Subtropical Solitary Bees for Pollination. In: Roubik D.W., 1995. 

Pollination of cultivated plants in the tropics. FAO agricultural services bulletin n°118. pp. 157-

160. 
This article gives detailed information on the possibility to manage some pollinators in rudimentary nesting 

devices.  

Sihag R. and Mishra R. 1995. Crop pollination and Apis cerana. In: The Asiatic hive bee: 

Apiculture, Biology, and Role in Sustainable Development in Tropical and Subtropical Asia. 

(Eds. Peter G. Kevan). pp. 135-141. 
It is highlighted that the role of Apis cerana in pollination has been studied fragmentarily and mainly through 

research in India. The authors show also that A.C. is associated with the flowers of all categories of 

entomophilously pollinated crops. 

This article is a summarize of relationships between AC and flower of these crop types. Most of the time, the 

efficiency of Apis cerana as a pollinator is stated, this insect being among the best pollinators, except in the case 

of specific pollinator. 

The authors finally compare the pollinating ability of Apis cerana and Apis mellifera, showing that if both 

species can be easily managed, the Asiatic species is ahead in terms of its usefulness as a pollinator of crops. 

This report is of great interest in terms of information in efficiency and importance of Apis cerana for crop 

pollination. However, its relevance with Lao PDR context has to be moderated, as most of the references are 

coming from researches done in India. 

APIS CERANA 

INDIA 

Singh M.P., 1984. Studies on the activity of some insects pollinators ion jujube (Zzyphus 

mauritiana). Entomo 9: 177-180. 
ZIZYPHUS MAURITIANA 

INDIA 

Sornsathapornkul P., Owens J. 1998. Pollination biology in a tropical Acacia Hybrid (A. mangium 

Willd. * A. auriculiformis A. Cunn ex Benth). Annals of Botany 81: 631-645. 
ACACIA HYBRID 

APIS MELLIFERA – CERATINASP. 

THAILAND 

Steffan-Dewenter, Potts S.G., Packer L. 2005, Pollinator diversity and crop pollination services are 

at risk. Trends in Ecology and Evolution. 20(12). December 2005. 
This is an answer to the articles of Ghazoul J, 2005. 

The authors agree with Ghazoul about the uncertainty of pollination-pollinator declines. 

However, they disagree on: the biased conclusion, the misrepresentation of agricultural reliance on animal 

pollination and the underestimation of pollination reduction in monocultures. 

Then, the authors, in order to show that there is a convincing evidence for negative impact of habitat loss and 

agricultural intensification of pollinator diversity, highlight the following facts: 

- Declines of solitary bees, bumblebees and honey bees owing to habitat loss, 

agricultural intensification and pesticides uses have been reported; 

- Pollinators others than honeybees and bumblebees have many Red Data 

Book entries 

They add that high pollinator diversity profit to crops with generalized pollination systems, specialized crops 

and also self compatible and incompatible plants. Moreover, based on Free, 1993, they indicate that the majority 

of important crop providing fruit or seeds benefit from animal pollination. This is also the case of vegetative 

crops and forage crops which depend on insect pollination for seed production. 

The authors defend the fact that distance from semi-natural habitat has been found to have negative effect on 

species richness and abundance of crop pollinators in America, Asia and Europe. 
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They also relay the idea that agricultural intensification will increase the dependence of animal-pollinated crops 

either on wild pollinators or on managed pollinators. 

POLLINATOR DECLINE 

Suryanarayana MC and Mohana Rao G. 1993. Role of Honey bees in the pollination biology of 

tropical crop plants. In: Pollination in tropics – Proceedings of the International Symposium on 

Pollination in Tropics. (Eds. Veeresh G.K., Shaanker R.U., Ganeshaiah K.N.). 
The authors are listing the honeybees, which intervene in the pollination of the main groups of plants. This data 

are based on experimentation done by the Central bee research Training Institute – India. 

HONEYBEES 

TROPICAL CROPS 

INDIA 

Syed R.A. 1979. Studies on oil palm pollination. Bull. Ent. Res. 69: 213-224 
OIL PALM POLLINATION 

Syed R.A. 1982. Insect pollination of oil palm: introduction, establishment and pollinating efficiency 

of Elaeidobius kamerunicus. In: Malaysia. Planter 58: 547-561. 
OIL PALM 

ELAEIDOBIUS KAMERUNICUS 

MALAYSIA 

Tangmicharoen S. and Owens J.N. 1997. Floral biology, Pollination, Pistil Receptivity, and Pollen 

Tube Growth of Teak (Tectona grandis Linn f.). Annals of Botany 79: 227-241 
In this paper, the authors are summarizing the general information obtained by the scientific community about 

the reproductive biology of teak and the pollination mechanism. Moreover, thanks to their research, the authors 

are supplying in this paper the missing information regarding the flower structure, the floral nectaries, the insect 

visitations, and the pollination mechanism. 

TECTONA GRANDIS 

THAILAND 

Thapa R. 2001. The Himalayan giant honey bee and its role in ecotourims development in Nepal. 

Bee World 82(3): 139-141 
This article presents the practices in the production systems based on the native bees Apis dorsata. 

APIS DORSATA 

NEPAL 

Thimmaraju K.R and Shivananda M.C. 1993. Studies on floral biology, pollination and fruit set in 

Jack (Arthocarpus heterophyllus L.); In: Pollination in tropics – Proceedings of the International 

Symposium on Pollination in Tropics. (Eds. Veeresh G.K., Shaanker R.U., Ganeshaiah K.N.). 
The study deals with the flowering behaviour, pollination and fruit set in Jack. The authors indicate that, if the 

plant is primarily anemophilous and very little insect is involved in its pollination, the percentage fruit set in 

open pollinated flowers was 80% whereas in hand pollination it was 100% 

ARTHOCARPUS HETEROPHYLLUS 

INDIA 

Vaish O., Agrawal S., Joshi M. 1978. Frequency of insect visitors for pollen foraging on sunflower 

in relation to daily temperature and humidity. In: Proceedings of the 8
th

 International sunflower 

conference. USA: 148-157. 
SUNFLOWER 

INDIA 

Veeresh G.K. 1993. History of insect pollination studies in INDIA. In: Pollination in tropics – 

Proceedings of the International Symposium on Pollination in Tropics. (Eds. Veeresh G.K., 

Shaanker R.U., Ganeshaiah K.N.): pp 275-278. 
The author summarizes the history of pollination in India, from the first knowledge of pollen role, perhaps, 

merely 400 years ago, to the first experimentation on insect pollination of crops in the early 1960‟s. From the 
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article it can be seen how managed pollination, inexistent 50 years ago, became an important activity permitting 

to develop yield of introduced crops species such as sunflower and, more recently oil palm. 

INSECT POLLINATION 

INDIA 

Vergara C. 2005. Introducing exotic species for crop pollination – pluses and minuses. Symposium 

on pollination services. 1st Diversitas Open Science Conferences. 9-12 November 2005, Oaxaca, 

Mexico. 
The author indicates that exotic species have been introduced to different countries as crop pollinators or to 

improve honey production, but in most of the cases, these introductions have been done without prior 

assessment of possible negative impacts of the pollinators on native ecosystems. Then the author documents the 

case of Africanized bees in Brazil. 

INTRODUCTION OF EXOTIC SPECIES 

Vidal, J. 1963. Les Plantes Utiles du Lao PDR. Journal d‟Agriculture tropicale et de Botanique 

appliquée. Museum National d‟Histoire Naturelle, Paris. 
This is one of the reference books regarding plant taxonomy in Lao PDR. The book includes the characteristics 

of plant species, including their name in Lao. 

It seems that a document was written by Mrs. Svengsuksa, B. and Mr. Vidal J. in 1997. The book “Les 

Dipterocarpacées du Laos” would have been publicated by the National University of Lao PDR. 

DIPTEROCARPACEAE 

LAO PDR 

Vogel S. Westerkamp 1991. Pollination: an integrating factor in biocenoses. In: Seitz A., Loeschcke 

V., eds. Species conservation: A population-biological approach. Basel. Birkhauser, 159-170. 

 

Westerkamp and Gottsberger G. 2000. Diversity Pays in Crop Pollination. Crop science 40:1209-

1222. 
This paper focuses on the fact that pollination is a critical step in crop production and especially in fruit 

production. 

In the majority of the publication, it can be read that pollination is simplistically credited to the common 

European honeybee or the Asiatic Apis cerana. 

The authors highlight the fact that even if Apis mellifera and Apis cerana pollinate numerous crops, it is 

irrelevant to rely on only 1 or 2 pollinators for the pollinating of a great diversity of flowers. 

Then, it is shown how the Apis mellifera behaviour will in various cases lead to inefficiency, the insect avoiding 

the contact with pollen or will harvest pollen from dichogamous flowers for days and consequently never 

contacts a receptive stigma. 

Moreover, it is shown how growers try to remedy these problems by supplemental pollination (hand pollination, 

sprayed pollination …). At the end of this listing of tentative, it is presented the cost of these techniques. 

In a second part, the authors are presenting the efficiency of some pollinators on the pollination of some crops. 

POLLINATORS 

CROPS 

Wickramaratna M. and Vitarana S. 1985. Insect pollination of tea, Camellia sinensis, in Sri Lanka. 

Tropical agriculture 62: 243-247. 
CAMELLIA SINENSIS 

SRI LANKA 

Wongsiri S., Thapa R., Kongpitak P., 1998. Longan: a major honey plant in Thailand. Bee World 

79(1): 23-28. 
The article is a description of longan tree, its biology, and its habitat. Then the authors indicate the fact that 

there is a mutual interest in the association with bees such as Apis and Trigona species, which are interesting 

pollinators of this tree. 

DIMOCARPUS LONGAN 

APIS SPP. – TRIGONA SPP. 
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Wongsiri S. 1999. Rubber: a potential major honey plant in Thailand. Bee World 80(4): 187-190. 
The article is a description of Rubber tree, its biology, and its habitat. Then the authors indicate the facts that 

native honeybees are very common in rubber areas. Apis dorsata migrate to rubber plantation between January 

and march each year. 

HEVEA BRASILIENSIS 

APIS SPP. 

Youhua Z. 1997. Ivy tree: a major nectar plant in winter for Apis cerana in South China. Bee World 

78(3): 128-130. 
Ivy tree is used in Fujian, Guangdong, Guangxi provinces 5south of China) as an excellent provider of nectar in 

winter for beekeeping and honey gathering. 

SCHEFFLERA OCTOPHYLLA 

APIS SPP. 

Young A.M. 1986. Cocoa pollination. Cocoa Growers Bulletin 37: 5-23. 

 

Yumoto T. 2000. Bird-pollination of 3 durio species (Bombacaceae) in a tropical rainforest in 

Sarawak, Malaysia. Am J Bot 87: 1181-1188. 
DURIO SPP. 

SPIDERHUNTERS – SPIS DORSATA – BATS - BIRDS 

MALAYSIA 
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Annex 1 Breeding systems and identified pollinators of main crops of importance in Lao PDR  

Fruit and nut crops 

 

Species name Common crop 

name (En)

Family Breeding system (Roubik, 1995) Breeding system Pollinators

Abelmoschus 

esculentus

Okra Malvaceae Autogamous, Obligately outcrossing Mainly self-pollinated but seed set 

improved with insect pollination

In India, promarily pollinated by Apis cerana and Halictus spp. 

(Choudhary et al, 1973)

Actinidia deliciosa Kiwifruit Actinidiace

ae

Obligately outcrossing Dioecious - Anemophilous (Westerkamp, 

2000). Require cross-pollination by pollen 

collecting bees (Kevan PG, 1995)

In nature, the flower might be Xylocopa-adaptedHoney bees (-- remove 

pollen), Buzz-foraging (++). Permit to improve pollination in orchards 

with a low percentage of male pod (Westerkamp, 2000)

Anacardium 

occidentale

Cashew Anacardiac

eae

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Male and hermaphrodite flowers (CIRAD-

GRET-MAE, 2002). Apparently insect 

cross-pollination (Kevan PG, 1995)

In Malaysia, the main visitors: New-opened flowers: bee flies Lygira 

sphinx and villa spp. + Apis cerana    1 day-old flowers : Lepidoptera 

spp. (Phoon, 1984 and Pjoon et al, 1984: in Free, 1993). The plant is 

primarily anemophilous. But fruit set in open pollinated flowers was 80 % 

and 100 % in Hand Pollination (Thimmaraju et al, 1993).

Ananas comosus Pineaple Bromeliace

ae

Obligately outcrossing, Parthenocarpic Autostérile. Fruit = parthenocarpic 

development (CIRAD-GRET-MAE, 2002). 

Requires cross-pollination by 

hummingbirds for seed to be produced 

(Kevan PG, 1995)

In the case 2 cultivars are crossed for seed production, flowers are 

pollinated by hummingbirds (Westerkamp, 2000)

Ananas sativus Pineaple Bromeliace

ae

Obligately outcrossing, Parthenocarpic self-incompatible

Annona 

squamosa

Custard apple Annonacea

e

Obligately outcrossing? Protogynous flowers. Self fertile, self 

pollination can occur. Need partially cross-

pollination (Kevan PG, 1995)

Beetles - Flat nitidulid bettles which develop on rotting fruits 

(Westerkamp, 2000)

Artocarpus 

heterophyllus

Jackfruit Moraceae Obligately outcrossing, Parthenocarpic Probably benefit from insect pollination 

(Kevan PG, 1995)

In Indonesia, Trigona bees as well as drosophilid and phorid flies are 

attracted to the male and female flowers (Heard T., 1999).

Averrhoa 

carambola

starfruit oxalidaceae Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

heterostylous (different forms of the same 

flower on different plants (Kevan PG, 

1995)

In Malaysia: flowers are visited by diptera and Hymenoptera (Apis 

cerana, Trigona thoracicia) (Phoone, 1985. Heard T, 1999)

Bertholletia 

excelsa

Brazil nut tree Lecythidace

ae

Obligately outcrossing Hermaphrodite flowers. Cross fertilisation 

necessary for fruit set

Large insects. In Malaysia: Xylocopa spp. (in Free, 1993)

Carica papaya Papaya Caricaceae Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector. Parthenocarpy is said 

to occur (Baker, 1976; Bawa, 1983 in 

Westerkamp 2000)

Dioecious, Polygame (CIRAD-GRET-

MAE, 2002) Gynodioecious. Night 

blooming flowers (Westerkamp, 2000). 
Fruits from male tree: not edible, Female tree: 

edible (subspheric), hermaphrodite: edible 

(piriform) (CIRAD-GRET-MAE, 2002). Cross-

pollination is beneficial (Kevan PG, 1995)

Hawkmoth (Sphingidae) (Westerkamp, 2000)

Cinnamomum 

zeylanicum

Cinnamon Lauraceae Obligately outcrossing Flies (Purseglove, 1968. In: Free, 1993)
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Citrus aurantifolia Lime Rutaceae Autogamous, Obligately outcrossing cross-pollination may be beneficial (Kevan 

PG, 1995)

Citrus deliciosa Rutaceae

Citrus Grandis Pummelo Rutaceae Autogamous, Obligately outcrossing In Indonesia, Trigona bees are visiting these flowers (Heard T., 1999)

Citrus limon Lemon Rutaceae Autogamous, Obligately outcrossing statements ranging from out-crossing 

required to entomophillous pollination 

being not necessary (Kevan PG, 1995)

Citrus nobilis Rutaceae

Citrus paradisi Grapefruit Rutaceae Autogamous, Agamospermous dependent on cross-pollination (Kevan 

PG, 1995)

Citrus sinensis Orange Rutaceae Autogamous, Agamospermous, 

Parthenocarpic

Do not depend from entomophillous 

pollination but benefit from it (Kevan PG, 

1995)

Citrus unshiu Mandarin oranges Rutaceae Autogamous, Obligately outcrossing dependent on cross-pollination (Kevan 

PG, 1995)

In Pakistan, fruit set and fruit weight are increased with insect pollination, 

mainly by Apis florea (Manzoor-ul-Haq, 1978)

Dimocarpus 

longan, 

Nephelium 

longana

Longan Sapindacea

e

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Need entomophillous cross-pollination 

(Kevan PG, 1995)

In Thailand, Apis SPP. And Trigona SPP. (Wongsiri et al., 1998).

Durio zibethinus Durian Bombaceae Obligately outcrossing Bats (Eonycteris spelaea) (Dobat et al, 1985 in: Westerkamp, 2000) and 

might be honey bee and night flying  insects (free, 1993) (Gould, 1978).

Durio spp. Durian Bombaceae Obligately outcrossing In Malaysia, D. grandiflorus and D. oblongus were pollinated by 

spiderhunters (Nectariniidae). D. kutejensis pollinated by A. dorsata and 

bats, and birds (Yumoto T, 2000)

Eriobotrya 

japonica

Loquat Rosaceae Autogamous, Obligately outcrossing

Ficus carica Fig Moraceae Parthenocarpic, Obligately outcrossing Male tree, female tree and also tree giving 

parthenocarpic fig (CIRAD-GRET-MAE, 

2002). Gyno dioecious male trees 

(capofigs) are the source of pollen and 

pollinators. Female flowers of the male 

tree are transformed in pollinator-

producing gall (Westerkamp, 2000)

Blastophage(CIRAD-GRET-MAE, 2002) Blastophaga psenes 

(Hymenoptera) (Westerkamp, 2000)

Ficus exasperata Fig Moraceae Gynodioecious Pollination by the wasp Kradibia gestroi (Patel A., 1993)

Ficus hispida Fig Moraceae Gynodioecious Pollination by the wasp Ceratosolen marchali (Patel A., 1993)

Garcinia 

mangostana

Mangosteen Clusiaceae Agamospermous, Obligately 

outcrossing ?

Benefit from entomophillous cross-

pollination (Kevan PG, 1995)

Macadamia spp. Macadamia Proteaceae partial or complete self-incompatibility Honeybees. Stingless bees (Heard T., 1999)

Mangifera indica Mango Anacardiac

eae

Agamospermous - Adventicious 

embryony, Obligately outcrossing

male and hermaphrodites flowers (CIRAD-

GRET-MAE, 2002). Need entomophillous 

pollination (Kevan PG, 1995)

flies, thrips (CIRAD-GRET-MAE, 2002).  In Malaysia, mostly diptera 

(Calliphoridae and Syrphidae). It was also observed a Lucilla sp. And an 

Eristalis sp. (Phoon, 1984: in Free, 1993).   In India, A. Cerana  was 

found to be  a very active foreager (Jyothi, 1993). In India, Stingless 

bees are the most common insects visiting mango flowers (Heard T., 

1999)
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Manilkara zapota Naseberry Sapotaceae Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Melicocca bijujoa genip, Spanish 

lime

Sapindacea

e

Musa acuminata Bananna Musaceae Parthenocarpic, Obligately outcrossing Parthenocarpic fruits (Westerkamp, 2000) No need of pollinators (Westerkamp, 2000)

Musa balbisiana Bananna Musaceae Parthenocarpic, Obligately outcrossing Parthenocarpic fruits (Westerkamp, 2000) No need of pollinators (Westerkamp, 2000)

Musa textilis Abaca Musaceae Parthenocarpic, Obligately outcrossing Pollinated by vertebrates (Kevan PG, 1995).  fruits and seeds. Bats 

(Roubik 1995), nectarivorous nactariniid birds (Itino et al, 1991 in 

Westerkamp, 2000) 

Musa itinerans Musa Musaceae Obligtely outcrossing In Yunnan (China), Sunbirds (Arachnothera longirostri) and long-tongued 

bats (Macroglossus sobrin us) (Liu et al, 2002). In Malaysia, bats (Gould, 

1978).

Nephelium 

lappaceum

Rambutan Sapindacea

e

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

male or female or hermaphrodite flowers 

(CIRAD-GRET-MAE, 2002). Need 

entomophillous cross-pollination  (Kevan 

PG, 1995)

In Malaysia, wide range of insects visitors. Among Hymenoptera: Apis 

cerana and Trigona spp. Among Diptera: Eristalis sp. and Lucilia sp. 

(Phoons et al, 1984: in Free, 1993). In In donesia, 5 species of Trigona 

and A. cerana are potential pollinators (Heard T., 1999)

Nephelium litchi Litchi Sapindacea

e

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Monoecious. Male or female or 

hermaphrodite flowers (CIRAD-GRET-

MAE, 2002). Need entomophillous cross-

pollination  (Kevan PG, 1995)

In India, Apis dorsata, A. cerana, A. florea and Melipona spp are 

predominantly present but Musca spp and Vespa spp are als visitors 

(Pandey and Yadava, 1970: in Free, 1993). In Uttar Pradesh and West 

Bengal, Trigona sp. Was the most common visitors to litchee flowers 

(Heard T., 1999).

Passiflora edulis Passionfruit Passiflorac

eae

Obligately outcrossing Usually pollinated by large bees (Xylocopa, Centris, Epicharis, Eulaema, 

Bombus, Ptiloglossa)                 Honeybees and stingless bees deplete 

pollen before the appropriate bee can make a visit (Westerkamp, 2000). 

In Johor, Malaysia, the carpenter bee  Platynopoda latipes was the prime 

pollinator (Mardan et al, 1991)
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Persea 

americana

Avocado Lauraceae Obligately outcrossing hermaphrodite flowers. Dichogamie 

(CIRAD-GRET-MAE, 2002). Some self-

pollination is posible. Need entomophillous 

cross-pollination (Kevan PG, 1995)

Persea nubigera Avocado Lauraceae Obligately outcrossing

Phoenix 

dactylifera

Date palm Arecaceae Obligately outcrossing monocotyledone (CIRAD-GRET-MAE, 

2002)

Prunus 

amygdalus

Almond Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Need insect pollination (Kevan PG, 1995)

Psidium guajava Guava Myrtaceae Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Punica granatum Pome granate Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Sapindus 

emarginaties

Sapindacea

e

Male and female flowers. Female flowers 

appears to be hermaphrodite but are 

functionnally female (pollen lacks tha 

ability to germinate)

In India, Apis cerana and A. florea are the most common visitors. 

Trigona and wasps are sometimes numerous (Reddi et al., 1983 in: Free, 

1993)

Tamarindus 

indica

Tamarind Cesalpinice

ae

Self-compatible, Obligately 

outcrossing, the pollen must be carried 

out by a vector

Improved seed set from cross-pollination In Karnataka (India), Apis dorsata is the main pollinator (Bhaskar and 

Mahadevaiah, 1990 in: Free, 1993)

Zizyphus jujuba Chinese dat Rhamnace

ae

Obligately outcrossing Cross-pollination permits to increase fruit 

size

In Jodhpur (INDIA), Musca domestica and Apis cerana are the main 

pollinators. Other Diptera spp. And Hymenoptera spp. Are also  

pollinators (Singh, 1984 in : Free, 1993)

Zizyphus 

mauritiana

Jujube Rhamnace

ae

Obligately outcrossing Need entomophillous cross-pollination 

(Kevan PG, 1995)

In the Punjab (India), Polistes hebraeus was the most abundant visitor 

(Dhaliwal, 1975. In: Free, 1993). In Jodhpur (India), 7 species of Diptera 

and 11 spp of Hymenoptera were observed visiting the flowers, the 

commonest being Musca domestica and Apis cerana (Singh, 1984. In: 

Free, 1993)
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Annex 2 Crop production in Lao PDR in 2005 

No. Type of Crop 
Planted 

Area (ha) 

Harvested 

Area (ha) 

Yield 

(Tone/ha) 

Production 

(Ton) 

I Industrial Crops     

1 Coffee 55,085 42,580 0.59 25,000 

2 Cardamom 8,230 6,450 0.31 2,000 

3 Tea 1,040 825 0.36 300 

4 Corn 66,610 66,610 4.58 305,150 

5 Sweet corn 19,390 19,390 3.48 67,410 

6 Soybean 9,535 9,535 1.16 11,100 

7 Mung bean 2,915 2,915 1.27 37,000 

8 Peanut 16,650 16,650 1.62 26,990 

9 Black Bean 2,330 2,330 1.07 2,500 

10 Job's tear 11,900 11,900 1.66 19,720 

11 Tobacco 5,360 5,360 5.24 28,100 

12 Cotton 2,080 2,080 0.96 2,000 

13 Sesame 12,425 12,425 0.70 8,710 

14 Sugarcane 5,500 5,500 35.65 196,100 

II Starchy Root Crop     

1 Cassava 6,765 6,765 7.58 51,300 

2 Sweet Potatoes 2,895 2,895 8.97 25,970 

3 Potatoes 630 630 12.70 8,000 

4 Yam bean 620 620 9.76 6,050 

5 Taro 9,550 9,550 9.41 89,900 

III Vegetable Crops     

1 Leafy Stem Vegetables 45,240 45,240 7.93 358,610 

2 Root, Bulb and Tuberous 7,955 7,955 5.37 42,750 

3 

Fruit-bearing and 

leguminous 32,515 32,515 10.55 343,090 

IV Fruit Crops     

1 Fruit trees 14,365 12,725 9.76 124,180 

2 Banana 7,715 7,355 15.97 117,450 

3 Pineapple 1,855 1,855 13.71 25,430 

4 Papaya 845 845 17.11 14,460 

5 Watermelon 4,760 4,760 14.86 70,720 

6 

Cantaloupe and other 

melons 240 240 13.79 3,310 

      

 Total 355,000 338,500  2,013,299 

Source: Mr. Khamphilay Chounlamonty (30 December 2005), Department of Agronomy, Ministry of 

Agriculture and Forestry 
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Annex 3 An attempt to assess the economic value of plant pollination in Lao 

PDR, based on Costanza's model 

 

The estimation of the value of the ecosystem service of pollination is complex, including many 

uncertainties. Various estimates have been suggested, giving variable results. For example, for the USA, 

estimates vary from US$1,6 billion to US$40 billion per year (Robinson et al., 1989; Southwick et al., 

1992 in: Goulson et al, 2003). 

 

Costanza et al. propose a methodology to estimate the value of pollination services. Globally, the annual 

value of these ecosystems services could be as high as US$117 billion. This calculation is based on the 

area of two biomes (grass/rangelands: 3,898 million ha and cropland: 1,400 million ha) each one being 

multiplied by an estimation of the value of the pollination service per unit area (respectively US$25 and 

US$14 per ha) (Costanza et al., 1997). 

 

Even if this estimate of the economic value of pollination services is limited for a number of reasons 

(including the fact that this is a model which does not include spatial heterogeneity, rather, it is “based 

on a static „snapshot‟ of what is, in fact, a complex, dynamic system”), it is based on knowledge of the 

importance of ecosystems services, whose valuations are affected by income differences (…), and this 

kind of estimation is useful to “represent a minimum value for ecosystem services”. 

 

Following this model, and taking into account the numerous limitations listed by the authors, this “first 

approximation” of the value of pollination services for agriculture in Lao PDR is worth US$36 million
6.

 

This value is obtained by the multiplication of the current estimated surface of the biomes „cropland‟ 

and „grass/rangelands‟ (based on the Data collection „Land use‟ provided by FAO) times the estimation 

of the unit value of pollination services. 

 

This calculation relies on many limitations, as highlighted by the authors in their article, and could be 

refined by an update of the values of the model built around ten years ago. 

 

However, up to now, the studies assessing the economic value of plant pollination are scarce and so, 

even with its limitations, the results of the model constitute valuable indications of the importance of 

this ecosystem service for agriculture in Lao PDR, and the importance of pollinator considerations for 

policy and decision-makers when addressing issues related to sustainable agriculture, but also 

conservation issues. 

                                                 
6
 The value is obtained by the multiplication of the estimated surface of the biomes „Cropland‟ (1.031.000 ha of Arable and 

Permanent Crop – FAO 2005) and „Grasslands‟ (878.000 ha of „Permanent pasture‟ – FAO 2005) times the estimation of the 

unit value of pollination services for these biomes (respectively $14 and $25 per ha – Costanza et al., 1997) 
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