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CURRENT STATE OF HIMALAYAN
 
HONEYBEE (APIS CERANA) BIODIVERSITY
 
AND STRATEGIES FOR ITS CONSERVATION
 

L. R.Verma 

ABSTRACT
 

Himalayan region is rich in honeybee species and genetic diversity. Amongst the 
different native honeybee species, Apis ceranais equivalentof European honeybee, 
Apis mellifera because both can be domesticated and build parallel combs. Our 
research group in ICIMOD has successfully identified genetic variance in 
morphological characters of Apis ceranaand these results reveal the occurrence of 
three sub species in the Himalayan region named as Apis ceranacerana,Apis 
cerana himalayas and Apis cerana indica. Each sub species has further locally 
adapted geographic ecotypes which differ from each other in several biological and 
economic characters. For.example, sub-species Apis cerana himalaya can be 
further identified into three ecotypes that correspond to geographic distribution in 
(1) the Naga and Mizo hills, (2) Brahmaputra valley and Khasi hills, and (3) the 
foothills of north-east Himalayas. Despite its economic usefulness, beekeeping 
%uifhAn; rprann ic eiiffefrinc nrerinitnii 1frrline anti ithrpewopnod with 'mtl;nrlnn 

throughout its range. The major threat comes from its replacement with exotic and 
more prolific Apis mellifera, habitat alteration, pesticide poisoning, diseases and 
cnemies particularly the recurrence ofsacbrood virus diseaseand human predations 
especially through honey hunting methods. Such decline is undesirable in terms of 

LR.Vcrma, Intemadonal Centre for Inicgratcd Mountain Devlopmcnt. (ICIMOD), P.O. Box. 3226, 
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commercial use value, maintenance of biodiversity 	 in natural ecosystems and 
the above trends, there isaproductivity of farming systems. In order to reverse 

need to adopt strategies for conservation of Apis cerana through development and 

promotion of beekeeping with nativec bee species. Such development strategies 

should include studies on biology, behavior and management of Apis cerana in 
Major thrust should be , further geneticdifferent eco- geographic zones. 

improvement through classical breeding and molecular techniques and evolving 

the appropriate apiary management technology based on the ecological and 

socio-economic conditions of the region. Zonation of beekeeping areas for Apis 

cerana and Apis mellifera ippears to be the only logical solution for those species 

where latter species has already been introduced. 

INTRODUCTION 

Beekeeping is becoming an import.ant component of present strategies for 

sustainable mountain agriculture and integrated rural development programmes. 

The role of beekeeping in providing food, nutritional, economic and ecological 

security to rural communities, especially those living in the developing countries 

of Asia, cannot be overlooked as it has always been linked with the cultural and 

natural heritage of rural communities. This, being a non-land based activity, does 

not compete with other resource demanding components of farming systems. At 

micro level, beekeeping is an additional income-generating activity and at 

macro-level, investment may be quite high but there is greater use of temporal and 

spatial diversity of natural resources such as pollen and nectar that otherwise go 

unutilised. The pollination activities of honeybees are an important integration 

function, as they contribute to the sustainability and divrsity of agricultural and 

botanical resources in general, and thereby contribute to increased productivity and 

maintenance of biodiversity (Verma 1990 a). 
The south and south-east Asian region is rich in honeybee species and 

genetic diversity. Amongst the different honeybee species, the Asian hive bee Apis 

ceranais equivalent to the European honeybee, Apis mellifera because both can 

be domesticated and build parallel combs. Great strides inmodernizing beekeeping 

with the native and exotic honeybee species are being made in different 

eco-geographic zones (temperate, sub-temperate and sub-tropical) of the region. 

China at present isone of th6 major prodvcer and exporter of honey and other hive 

products inthe world. Similarly, India has taken the lead in south and south-east 

Asia utilizing honeybees for pollination purposes to boost yield and improve 

quality. In other countries of the region initiative efforts are being made to develop 

beekeeping on modern wientific lines. However, due to constraints such as lack of 

basic infrastructure, skilled manpower, training, extension facilities of basic and 

applied research programmes, the situation is far from satisfactory despite ideal 

climatic conditions and availability of diverse floral resources throughout the year. 

It is in the light of these observations, an attempt has been made inthe present paper 

to review the current stateApisceranadiversity and suggest a practical framework 
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for the improvement of Apis ceranabeekeeping in Asia (Verma 1992 a). 

THE AMOUNT OF APIS CERANA GENETIC DIVERSITY 

The genetic diversity of Apis nellfera has been organized into 24 
sub-species having varied economic usefulness. These sub- species are adapted to 
a wide range of ecological condiions and at latitude ranging from 0' at equator to 
latitude as high as 50ON and 300S. So far only four sub-species of Apis ceranaare 
recognized, although there may be several more because of is wide range of 
geographic distribution (Ruttner 1S87). 

Our research group in ICIMOD has successfully identified genetic variance 
in morphological characters ofApis ceranaand confirmtd the accepted distribution 
of A. cerana sub- species in t-! Himalayan region. These sub-species have been 
named as Apis cerana ceran,;, Apis cerana himalaya and Apis cerana indica 
(Verma 1992 b). 

According to a survey canducted by bee scientists in China, five different 
sub-species ofApis ceranarepresenting different eco-geographic zones have been 
identified. These include Apis ceranacerana,Apis ceranaskorikovi,Apis cerana 
abaensis,Apis ceranahainanensisandApis ceranaindica.(Zhen-ming etal. 1992). 

Each sub-species has further locally adapted populations called ecotypes 
which differ from each other in several biological and economic characters. For 
example, we have succesfully identified three ecotypes of sub-speciesApiscerana 
himalayathat correspond to geographic distribution in (1) the Naga and Mizo hills, 
(2) Brahmaputra valley and Khasi hills, and (3) the foothills of the north-east 
Himalayas (Singh et al. 1990). On similar lines, Chinese bee scientists have also 
classified sub- species Apis ceranacerana into 5 ecotypes namely, Guangdong-
Guanxi type, Hunan type, Yunan type, North China type and Changbaishan type 
(Zhen-ming et al. 1992). In some parts of Hindu Kush Himalaya, A' is cerana 
cerana matches European hive bee, Apis mellifera in commercial use value and 
has spectacular potentials for further genetic improvement by selective breeding 
and molecular research. 

HOW MUCH GENETIC DIVERSITY ISBEING LOST 

Despite its economic usefulness, beekeeping with native Asian hive bee, 
Apis cerana is suffering precipitous decline and is threatened with extinction in its 
entire native habitat. For example, in Japan, beekeeping with Apis ceranahas been 
completely replaced by Europeat hive bee Apis mellifera and only a few 
beekeepers and research institutes are raising Apis ceranacolonies (Sakai 1992). 
In China, out of more than 8.5 millidn colonies of honeybees kept in modem hives, 
70 per cent are European Apis melliferaand only 30 per cent are native Apis cerana 
(Zhen-ming et al. 1992). Similarly in south Korea, only 16 per cent beekeeping is 
with native Apis cerana and the remaining has been replaced by exotic Apis 
mellifera(Choi 1984). 
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Recent survey conducted by author as a par, of USAID funded regional 
project in ICIMOD reveal that in Hindu Kush Himalayan region, beekeeping with 
native Apis cerana is being replaced by Apis mellifera at such a fast rate that 
populations of native Apis cerana is declining to a level that is no longer viable. 
These countries include Afghanistan, Bhutan, Burma, Nepal, India and Pakistan. 
In a small north Indian state of Himachal Pradesh, which has a centuries old 
tradition of beekeepig with Apis cerana, all the 43 beekeeping development and 
ex,ension centres have been replaced by Apis mellifera. Even in Kashmir region 
of north-wes Himalaya, where Apis cerana matches Ap.s mellifera in body size 
and honey production, only a few per cent of native Apis ceranacolonies are left 
which may soon be wiped ouL A visit to some mountain areas of north-west 
Frontier Province of Pakistan in May 1989, led Dr. Eva Crane to conclude thatApis 
ceranapopulations may soon become an endangered species (Crane 1992). Thus 
the existing long established craft of beekeeping with Apis cerana will soon get 
destroyed in the entire Hindu Kush Himalayan region. 

CAUSES AND CONSEQUENCES OF DECLINING
 
GENETIC DIVERSITY
 

In seeking ways to conserve genetic diversity of Apis cerana,it is necessary 
to have a clear understanding of the major threats which this bee species is facing 
in its own native habitat.Like any other threatened biological resources, decline in 
Apis cerana populations is also being caused by human mismanagement, 
misguided economic, policies and faulky institutions. Major threats include the 
following. 

i) Impact of Exotic Apis mellifera 

Large scale importations and multiplication of exoticApismelliferainto the 
developing countries of south and south- east Asia for better economic returns in 
terms of higher honey production and efficient pollination services has become a 
controversial subject. 

On the one hand, some beekeeping experts and donor agencies are of the 
opinion that only exotic Apis mellifera can bring about the "Sweet Revolution" in 
this region in the same way as the high yielding exotic varieties of wheat are 
instrumental for the "Green Rev6lution". In parts of northern India and north-west 
Frontier Province of Pakistan, Apis meilifera has been the basis of a flourishing 
beekeeping industry and so much surplus honey is being produced that efficient 
marketing is becoming a major problem. Studies on the economics of beekeeping 
with native and exotic species of honeybees indicate such vast differences in the 
profit leveli that a farmer practicing beekeeping with exotic Apis mellifera in north
west Frontier Province of Pakistan can easily afford an imported car, whereas, the 
one continuing with native Apis ceranais still using bicycle (Verma 1990a). 

On the other hand, many importations of Apis mellifera in south-east Asia 
have proved disastrous. When l'ept sympatrically, Apis ceranaand Apis mellifera 
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colonies frequently robbed each other (Koeniger 1982). Another cause of failing 
co- existence of the two species is attempted intermating which produces lethal 
off-spring (Ruttner and Maul 1983). A new problem is the transfer of parasites from 
one species to another. A parasitic mite of broad and adults, Varroajacobsonicar 
co-exist with Apis ceranaand causes no serious damage to their native bee species. 
In several countries of Asia, whce both these species are now kept together, the 
parasite has infested Apis mellifera colonies and became a serious pest to this 
unadapted host. There is now apprehension that through importations of Apis 
mellifera, Apis cerana populations in its native habitat will face serious risk of 
extinction. 

ii) Habitat Alteration 

In developing countries of south and south-east Asia, habitat a4jeration 
(especially due to deforestation) from a highly diverse natural ecosystems t-ni-r
less diverse (often monocuhures) agro-ecosystems is adversely affecting native bee 
populations in the region. This is one of the most important threat often related to 
land-use changes on a regional scale that involve great reduction in the area of 
natural vegetation. Such habitat destruction could lead to loss of different l'yes of 
flowering plants and bee flora. Scarcity of bee flora due to environmental degrada
tion not only leads to decline in colony numbers but also creates "stress conditions" 
for living bee colonies and increases their vulnerability to the pests and diseases, 
hunting and random population changes. Recent incidence of Thai sacbrood virus 
disease and European foul brood in Apis ceranamight have arisen due to the stress 
conditions created by environmental degradation (for details please see "Diseases 
and Enemies" section below). 

Destruction of forest habitat for growing agricultural and horticultural crops 
adversely affects the availability of floral resources because many of the staple 
crops such as rice, wheat, barley, poto etc. are of little or no value to honeybees. 
Due to increasing dearih of bee floral resources, colonies in the spring would not 
be able to build their owr. populations rapidly and this might force them to forego 
swarming or cause them cast smaller swarms that would reduce the probability of 
survival. In either case, the residt would be.an eventual decline in colony numbers. 

Habitat destruction greatly limit the choice of honeybees to carefully choose 
a particular micro-habitat in which to build nests and rear off-spring and thus 
protect itself from the attacks of predators. In their absence of dense vegetation, 
nest sites are often visible from a long distance and colonies are not able to defend 
themselves effectively from the predators and they became more Drone to 
absconding. 

iii) Pesticide Poisoning of Honeybees 
Beekeeping and pesticides both have become essential inputs of modem 

agricultural management technology. By ignoring either of two, global food 
production would be seriously impaired. Since the advent of synthetic pesticides 
several decades ago, the beekeeping industry, both in the developed and developing 
cointries, have been incurring heavy losses. In developed countries, large scale 
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monoculture cultivation of crops and a high degree of mechanization had greatly 
amplified the problem of honeybee poisoning by pesticides. However, in recent 
years, education and public relations have achieved much in reducing tee losses 
due to pesticide poisoning in the developed world. 

Indeveloping countries, all species of honeybee still face very risk because 
agricultural practices often include insecticide application carried out in ignorance 
of indifference to the indispensability of b-es. Inall the developing countries of 
south and south-east Asia, a large area of land isbeing brought under the cultivation 
of high yielding exotic cultivars of crops and alongwith them their pests have also 
become introduced either through human error, accidentally or lack of proper 
quantitative fac~lities. For the control of these pests, a large.number of biocides are 
coming into use. Because of the lack of information, faners in the region use 
blanket application without caring as to what and how much to use and when. 
Unlike developed countries, there isalso lack of legislation to prohibit the use of 
pesticides to the extent that kill bees. Integrated pest management technologies for 
protection of honeybees from harmful effects of broad-spectrum biocides are 
lacking. Such over reliance on chemical methods is adversely affecting 
environmental health including health hazards to humn beings and decline inother 
ion-target animal populations. Amongst the latter, honeybees because of their 
social behavior run the highest risk of pesticide poisoning. 

iv) Diseases and Enemies 

There are frequent reports of Apis cerana colonies being affected by 
nosema, virus cluster and sacbrood diseases inthe Hindu Kush Himalayan region. 
Recently, the European foul brood disease has badly affected Apis ceranacolonies 
in Kathmandu valley of Nepal. 

Amongst the mites, Acarapis woodi, Varroajacobsonii. Neocyphalaeps, 
Tropilaelapssp and Pymotes naferihave been reported on Apis cerana.Amongst 
these, acarine diseasc poses a serious problem (Verma 1987). 

Amongst the predators, five different species of wasps pose a serious threat 
to beekeeping industry in this region. However, because of its shimmering and 
evasive behavior, Apis cerana can resist the attacks of wasps beuer than Apis 
mellifera.Two species of waxmoths, Gallariamellonellaand Archoriagrisellaare 
serious pests inApis cerana colonies as this native species of honeybee do not 
coillect propolis to guard against the attack of moths. 

In recent years, Thai sacbrood virus disease has been reported from all 
countries where Apis ceranais found, in early eighties, the incidence and severity 
of this disease increased at such an alarming rate that more than 95 per ccnt of 
colonies infected in different countries were killed by this disease (Rana etal. 1986, 
1987). This resulted ingreat economic loss to beekeeping with Apis cerana inAsia 
not only in terms of honey and beewax production but also through adversely 
affected pollination services. The problem was particularly severe in the temperate 
region of the country where disease was more widespread than in tropical and 
sub-tropical region. 
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The presence of Thai sacbrood virus in the diseased colonies of Apis cerana 
in northern India was confirmed by conducting electron microscopic and serologi
cal studies (Rana et al. 1986, 87). 

Different control measures recommended earlier to control the spread of 
sacbrood disease in Apis mellifera were unsuccessful in Apis cerana (Rana et al. 
1986). However, about 5 percent of colonies in the affected areas were resistant 
and escaped the attack of this disease. Detailed investigations on such colonies 
indicate that some mechanism of resistance to the sacbrood virus disease exists in 
Apis cerana. In nature, this disease has a five years cycle, arid after this period, 
about 5 per cent of the surviving colonies start multiplying in a normal way and 
normal population is then restored. 

Due to the incidence to Thai sacbrood virus disease in Apis ceranain recent 
years, the beekeepers inthe region had no choice but to adopt beekeeping with Apis 
melliferawhich is not only free from this disease but is also giving higher economic 
returns to the farmers. Consequently, Apis ceranahas been completely abandoned 
by the farmers in the region and it has now become endangered/threatened species 
of mere academic interest to the researchers in conservation biology. 

v) Human Predations 

Beekeeping in Hindu Kush Himalayan region is marked by a long history 
of honey hunting methods killed most of the bees, destroyed the brood and left no 
honey stores behind in the nest for consumption by bees during dearth periods. 
Such harmful exploitation by man resulted either in the loss of bee colonies or 
developmerit of undesirable traits like absconding and swarming during the course 
of evolution. Since many of these absconding or swarming colonies have the 
tendency to return to the same nesting site each year, they are thus subjected to 
further harmful exploitation as these locations are well known to people. The net 
result of such human predation is both termporal and spatial decline in bee 
populations in its native habitat (Bishop 1992). 

According to Gilpin and Soule (1986), loss of genetic diversity of species 
leading to its extinction is a systems phenomenon involving the interaction of 
processes and states. It is to be based on three interacting fields i.e. Population 
Phenotype (PP), Environment (E) and Population Structure and Fitness (PSF). 
When such model is applied in relation to loss of genetic diversity in Apis cerana, 
the first field (PP) includes behavioral and genetic components such as frequent 
swarming and robbing, production of large number of laying workers, inbreeding 
depression and drift inbreeding. A second field, the environment (E) is the context. 
It ipcludes all abiotic and biotic factors that influence the population. In case of 
Apis cerana,the loss of habilat quantity and quality as a result of rapid agricultural 
transformation and deforestation in the region and pesticide hazards due to their 
indiscriminate use are important abiotic components. The biotic components 
include introduction of exotic Apis mellifera, epidemic of sacbrood virus disease 
and human predations as a result of traditional honey hunting methods. Population 
Phenotype (PP) and Environment (E) together determine the third field, the 
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Population Structure and Fitness (PSF). This is the field in which dynamic ronsc
quences of interactions of PP and E are manifested interns of patch dis'.ribufion, 
population fragmenation, demographic randomness, reduced effective population 
size, growth rate and distributic nleading to stochastic and deterministic extinction. 
The decay in one component can exacerbate not only itself but also the behavior 
of other components. Table I list the components of each of these fields and Figure 
I represents their overlaps and interactions schematically. 

Table 1 : Components of population vulnerability analysis inApis cerana 

Field Component 

Environmental Perturbations (E) Loss of habitat quantity and quality 
- Exotic species :Introduction of 

European honeybee, Apis mellifera 
. Pathogens and parasites especially 

sacbrood virus infection 
- Human prediaons Traditional 

honey hunting methods 

- Pesticide hazards 

Population Phenotype (PP) - Frequent swarming behaviour 
- Robbing behaviour 
- Large number of laying workers 
- Inbreeding depression 

- Drift inbreeding 

Population Structure and Fitness - Paich distribution 
(PSF) - Population fragmentation 

- Demographic randomness 

. Reduced effective population size. 
growth rate and distribution 

- Stochastic and deterministic 
extinction 

(Modified from Gilpin and Soule 1986) 

STRATEGIES FOR CONSERVATION OF APIS CERANA 

Stock Improvement of Apis cerana 
Many of the above mentioned sub-species/ecotypes of Apis ceranaare at 

present not economically viable. The.efore, selection and breedriUg programme of 
superior genotypes to produce n bee suitable for intensive management is required. 
To achieve stock improvement, different Apis cerana sub-species and ecotypes 
should be accumulated at a central location and superior genotypes be identified 
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Environment.independent 

Environment 

Dependent 

pp E 

IInbreeding 

Depression 

Adaptation 

IHeterozygosity 
~~PSF tIr, N,D 

Inbreeding 

Ne---

RandomnessPP: Population Phenotype 
E: Environment 
PSF: Population Structure .1
 

and Fitness 
N : Population Size 
D : Population Distribution 
r: Population Growth Rate E)TINCTION 
Ne : Effective Population Size 

S: Decrease 
I : Increase Adopted from Gilpin and Soule, 1986 

Fig. 1. Population Vulnerability Analysis (PVA). Case of APIS CERANA. 

by integrafing biometric and molecular data with behavioral and economic criteria. 
Another important pre-requisite for stock improvement is to evolve an efficient 
queen rearing for Apis ceranaand also establish isolated mating stations for pure 
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line breeding. The latter isessential because artificial insemination inApis cerana 
has unexpectedly turned out to be a difficult task due to very low volume of semen 
ejaculated by drones (Verma 1990b). 

Apiary Management and Behavior Research 

During the course of evolution, Apis cerana has developed certain be
havioral characteristics such as frequent absconding and swarming which are 
essential for the survival of colonies but undesirable from beekeeping point of view. 

Our research group has identified lack of sufficient bee flora, exLessive 
handling, exposure ofcolonies to summer sunshine and incidence of sacbrood virus 
disease as major cause of absconding. Colony Performance Index (CPI) reaches 
,zero even a week before absconding. Management practices like feeding sugar, 
provision of shade, providing queen gate at the hive entrance significantly reduce 
absc;onding. However, colonies affected with sacbrood virus disease show such a 
severe instinct of absconding that these may leave the hive even without queen bee. 

One of the most effective way of reducing frequent swarming is to follow 
selection programme against this undesirable trait and removal of newly 
constructed queen cells during active swarming season also help to check it 
considerably. 

Currently, recurrence of sacbrood virus epidemic after an earlier cycle 
during 1982-1986 has threatened beekeeping with Apis ceranathroughout its range 
and is forcing beekeepers for its replacement by more profile Apis mellifera. Some 
colonies are still resistant to this disease and in the absence of any effective 
chemical control measures, vigorous selection programme need to be followed 
(Verma 1992b). 

Pollination and Biodiversity Concerns 
Apis ceranais avital component of natural ecosystem. Its decline may have 

serious consequences for various entomophilous plant species. This bee species 
shows distinct advantages over Apis mellifera for pollination of agricultural crops. 
These include longer foraging hours, earlier initiation of foraging activity even at 
5°C outside environmental temperature, short fight range, low cost of colony 
management during earth periods, no foraging competition with other native bee 
species, non- apis pollinators and co-evolution of this bee species with native crops 
etc. (Verma 1992c). 

Keeping in view the above, promotion of beekeeping with Apis ceranawith 
a domestic setting alhpears to be essential for the maintenance of biodiversity of 
forest and grassland ecosystem and for enhancing the productivity of farming 
systems. 

Unfortunately, in developing countries of south and south-east Asia, the 
role of bees and beekeeping as an important biological input for enhancing the yield 
of agricultural crops has often been underestimated. The sustainable developmeot 
of agriculture inthe twenty first century will therefore necessitate reorientation of 
the present crop production technologies. Instead of making substantial use of 
physical inputs such as chemical fertilizers, biocides, irrigation, heavy machinery 
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etc., a shift towards biological inputs such as bee cross-pollination, biological 
nitrogen fixation, nutrient uptake, biotechnology etc. will become essential to 

increase food productivity. Moreover, such biological based agriculture will only 

have positive ecological consequences. Thus, there is a need to create awareness 

amongst policy makers, planners and aid agencies about promoting bees and 

beekeeping as an important component of present day strategies for sustainable 

agi-iculture and rural development programme. (Verma 1990a). 

Zonation of Beekeeping Areas 

In those countries of south and south-east Asia, where Apis meilifera has 

already been introduced, beekeeping industry is passing through adilemma. 

In order to resolve the above dilemma, zonation of beekeeping areas for 

Apis ceranaand Apis mellifera beekeeping appears to be the only logical solution. 

Based on past several years of experience, it isnow well documented that for sub

tropical region Apis mellifera especially Ligustica race is well suited and is 

performing well. In the temperate region, beekeeping with Apis cerana should be 

encouraged as different sub-species/ecotypes of this native bee species are more 
prolific and superior genotypes than its counterparts in sub-tropical region. Such 
zonation of Apis ceranaand Apis mellifera in different eco-geographic zones have 

been very successful in China and India isalso following the same strategy. This 

would greatly solve the problem of interspecies competition and both species could 

be complimentary to each other. 

Training and Research Centre for Asian Bees and Beekeeping 

For future development of beekeeping with Apis cerana in south and 

south-east Asia, acoordinated and systematic effort by establishing atraining and 

research centre for Asian Bee and Beekeeping in this region isessential. This centre 

should have acontinuing internationally funded programme in beekeeping training 
and research with the following mandate, objectives and organization. 

Mandate and Objectives 

1. The overall objective should be to generate and deliver improved 
beekeeping management technology through research and training primarily on 
Asiatic species of honeybee that will contribute to increased production and quality 

asof different hive products (Honey, Beewax, Royal Jelly, Propolis and Venom) 
well as better bee pollination service principally to the regional needs of south and 
south-east Asian countries thereby ensuring agood source of income and nutritious 
food to rural poor communities living at or below subsistence level. 

2. To assist different Government agencies, beekeeping communities and 

commercial enterprises to create acadre of beekeeping experts by training them in 
both practical and scientific aspects of beekeeping. 

3. To provide information and advisory services and also to act as a 
co-ordinating centre for international co-operation inbeekeeping. 

4. To assist different developing countries of this region to establish a 
national programme inbeekeeping. 
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Organization 
The proposed centre may have three major programmes in beekeeping. 

i) Research 
ii) Training 
iii) International Co-operation 

Research may be carried out in the following basic and applied areas primarily on 
Asiatic species of honeybee. 

a) Bee Biology 
b) Bee Pathology 
c) Bee Botany and Pollination 
d) Beekeeping Technology and Equipment 
e) Beekeeping Economics and Marketing Hive Products 
f) Apitherapy 
Training courses both in practical and scientific aspects of beekeeping may 

be offered for the benefit of beekeepers, beekeeping. instructors, bcekeeping 
extension personnel from the department of agriculture, forestry and rural develop
ment representing different beekeeping communities or associations, commercial 
enterprises and Government departments from the entire region of south and 
south-east Asia. 

International co-operation programme will deal with technology sharing 
and technology transfer for the advancement of beekeeping in this region. It will 
organise regional training programmes, workshops, seminars, conferences and 
monitoring tours. It will also act as information dissemination centre by publishing 
extension literature for the popularization and promotion of beekeeping, advisory 
services 'to individual participating countries and on regional basis also. 

All the above programmes may be caried out by keeping continuing 
contacts with national and international agencies. Establishment of Asian Apicul
tural Association (AAA) is a step forward in this direction and this organization 
should take initiative efforts for the establishment of training and research centre 
for Asian bees and beekeeping. 

The Values of Conserving Apis cerana Biodiversity 
The natural products which honeybees produce and human now use are 

honey, royal jelly, pollen, propolis, beewax and bee venom. These materials have 
been widely used as nutritional food and for medicinal and pharmacological 
purposes since ancient times. These natural products of beekeeping industry has 
both consumptive and productive use value because these can be consumed 
effectively without passing through a market and at the same time these hive 
products can be commercially harvested for exchange in formal markets 
throughout the world. Every common man is well aware of these direct values of 
this important biological resource. 

However, besides these direct values, honeybees provide non- consumptive 
benefits of conserving botanical resources which may far outweigh direct values 
when they are computed. These social insects deal with such primary function of 
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ecosystem nich involve reproduction, inclIding pollination, gene flow, cross,
fertilization, maintenance of biodiversity, environmental forces and species that 
influence the acquisition of useful genetic traits in economic species and main
tenance of evolutionary processes, leading to constant dynamic tension amongst 
the competitors in ecosystems. These non-consumptive benefits can be harnessed 
to maximum extent through the use of native bee species like Apis ceranathan with 
exotic Apis mellifera. 
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INTERACTION 

S.C.Nath: What is the potential of honey production in India? 
L.R.Verma: 4-5 million colonies. One colony gives upto 10 Kg of honey in India. 
B.P.Dey: Honey of Cherapunji is believed to be of high demand. Is it due to the 

occurrence of any particular species? 
L.R. Verna: No, it is due to the citrus flavour of honey. 
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Proc. Int. Con. Asian Honeybee and Bee Mites 
eds. Lawrence J. Conner, Thomas Rinderer, MS # 2 
H. Allen Sylvester and Siriwat Wongsiri, 1992. pp. 81-88. 

Declining genetic diversity of Apis cerana 
in Hindu Kush-Himalayan region 

L.R.Verma 

INTERNA 77VAL CEMR FOR INrEGRATrED MouNT'JN Dmv~wpANTn (ICIMOD) 
P.O. Box 3226, KIT-MAtDU, NEPAL 

Introduction 
Biodiversity in honey bees encompasses all species and subspecies of the genus 

Apis and the ecosystems and ecological processes of which they are parts. Biodi

versity is generally considered at three different levels: genetic, species and 

ecosystem diversity. This classification ofbiodiversity applies equally well to honey 

bee biodiversity. 
The Hindu Kush-Himalayan region is the richest in the world in honey bee 

species diversity. There are at present four or more species of honey bees found in 

the Hindu Kush-Himalayan region. Among these, Apis cerana, Apis dorsatal 

laboriosaandApisfloreaarenative to this region, whereas, the European honey bee, 

Apis melfrra,has bel-_n introduced in some countries of this region for higher honey 

production. The Himalayan hive bee, Apis cerana,is equivalent to the European 

hive bee, Apis melhfera, because both can be domesticated and are similar in nest 

building and dancing behavior. 

Genetic diversity isthe sum total ofgenetic information contained in the genes 

of individual animals that inhabit the earth. Genetic diversity of the European 

honey bee, Apis mellifera,has been organized in the 24 sub-species having varied 

economic usefulness. These sub-species are adapted to a wide range of ecological 

conditions and at latitude ranging ftom 00 at the equator, to latitude as high as 500 

N and 300 S (Crane 1992, Rutmner 1988). There isvery little information available 

on genetic diversity of diffement 9pecies of honey bees found in the Hindu Kush-

Himalayan region (Verma 1990). 

Current status of beekeeping with Apis cerana in the 
Hindu Kush-Himalayas 

Despite its economic usefulness, beekeeping with the native Asian hive bee, 

Apis cerana,is suffering a precipitous decline and it is threatened with extinction 
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in its entire native habitat. For example, in Japan, beekeeping with Apis cerana has 

been completely replaced by the European hive bee Apis melhfera and only a few 

beekeepers and research institutes are raising Apis ceranacolonies (Sakai 1992). In 

China, out of more than 8.5 million colonies of honey bees kept in modern hives, 

70 percent are European Apis melhferaand only 30 percent are native Apis cerana 

(Zhenming etat 1992). Similarly in South Korea, only 16 percent of beekeeping 

is with the native Apis ceranaand the remainder has been replaced by exotic Apis 

mellifera (Choi 1984). 
a part of the USAID-fundedA recent survey conducted by the author as 

Project in ICIMOD, revealed that in Hindu Kush-Himalayan countries, beekeep

ing with native Apis ceranaisbeing replaced by Apis mellferaat such a fast rate that 

populations of native Apis ceranaare declining to a level that they are no longer 

viable. These countries include Afghanistan, Bhutan, Burma, Nepal, India and 
aPakistan. In the small north-Indian state of Himachal Pradesh, which has 

centuries old tradition of beekeeping with Apis cerana, all the 43 beekeeping 

development and extension centers have been replaced by Apis mellfera. Even in 

the Kashmir region of the northwest Himalayas, where Apis cerana matches Apis 

melliferain body size and honey production, only a few percent ofnative Apiscerana 

colonies are left and may soon be wiped out. A visit in May 1989 to some mountain 

led by Dr. Eva Crane,of the northwest fronticr province of Pakistan,areas 
concluded that Apis ceranapopulations may soon become an endangered species 

(Crane 1992). Thus the existing long established craft of beekeeping with Apis 

ceranawill soon get destroyed in the entire Hindu Kush-Himalayan region. 

Apis cerana genetic resources are declining 
In seeking ways to conserve genetic diversity of Apis cerana,it is necessary to 

have a clear understanding of the major threats which this bee species is facing in 

its own native habitat. Like any other threatened biological resource, decline in Apis 

ceranapopulations is also being caused by human mismanagement, misguided 

economic policies and faulty institutions. Major threats include the following. 

Impact of exoticApis mellifera 

Large scale importations and multiplication of exotic Apis mellifra into the 

developing countries of south and southeast Asia for better economic returns in 

terms of higher honey production and efficient pollination services has become a 

controversial subject. 
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On the one hand, some beekeeping experts and donor agencies are of the
 
opinion that only exotic Apis meliferacan bring about the "sweet revolution" in
 
this region in the same way as the high yielding exotic varieties of wheat are
 
instrumental for the "Green Revolution." In parts of northern India and the
 
northwest frontier province of Pakistan, Apis meifira has been the basis of a
 
flourishing beekeeping industry and so much surplus honey is being produced that
 
efficient marketing is becoming a major problem. Studies on the economics of
 
beekeeping with native and exotic species of honey bees indicate such vast
 
differences in the profit level that a farmer practicing beekeeping with exotic Apis
 
mellifera in the northwest frontier province of Pakistan can easily afford an
 
imported car, whereas, the one continuing with native Apis ceranais still using a
 
bicycle (Verma 1990).
 

On the other hand, many importations ofApis meiferainsouth and southeast
 
Asia have proved disastrous. When kept sympatrically, Apis cerana and Apis
 
meliferacolonies frequently robbed each other (Koeniger 1982). Another cause of
 
failing co-existence of the two species is attempted inter-mating which produces
 
lethal offspring (Ruttner and Maul 1983). A new problem isthe transfer ofparasires
 
from one species to another. A parasitic mite of brood and adults, Varroajacobsoni,
 
can co-exist with Apis ceranaand cause no serious damage to the native bee species.
 
In several countries of Asia, where both these species are now kept together, the
 
parasite has infested Apis mellifera colonies and become a serious pest to this
 
unadapted host. There is now apprehension that through importations of Apis
 
melifra, Apis ceranapopulations in its native habitat will face serious risk of
 
extinction.
 

Habitat alteration 
In developing countries of south and southeast Asia, habitat alteration 

(especially due to deforestation) from hig.ly diverse natural ecosystems to far less 
diverse (often monocultures)' agfo-ecosystems is adversely affecting native bee 
populations in the region. This is one of the most important threats often related 
to land-use changes on a regional scale that involve great reduction in the area of 
natural vegetation. Such habitat destruction could lead to loss of different types of 
flowering plants and bee flora. Scarcity of bee flora due to environmental 
degradation not only leads to decline in colony numbers but also creates "stress 
conditions" for living bee colonies and increases their vulnerability to pests and 
diseases, hunting and random population changes. Recent incidence of Thai 
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sacbrood virus disease and European foulbrood in Apis ceranamight have arisen 

due to the stress conditions created by environmental degradation (for details 

please -ee "Diseases and enemies* below). 
Destruction of forest habitat for growing agricultural and horticultural crops 

adversely affects the availability of floral resources because many of the staple crops 

such as rice, wheat, barley and potato are of little or no value to honey bees. Due 

to the increasing dearth ofbee floral resources, colonies in the spring would not be 

able to build their own populations rapidly and this might force them to forego 

swarming or cause them to cast smaller swarms that would reduce the probability 

of survival. In eithel case, the result would be an eventual decline in colony 

numbers. 
Habitat destruction greatly limits the ability of honey bees to carefully choose 

to build nests and rear offspring and bea particular micro-habitat in which 

protected from the attacks of predators. In the absence of dense vegetation, nest 

sites are often visible from a long distance and colonies are not able to defend 

themse!ves effectively from the predators and they became more prone to 

absconding(Underwood 1992). 

Pesticidepousoning ofhoney bees 

Beekeeping and pesticides have both become essential inputs of modem 

agricultural management technology. By ignoring either of the two, global food 

production would be seriously impaired. Since the advent of synthetic pesticides 

several decades ago, the beekeeping industry, both in the developed and developing 

countries, has been incurring heavy losses. In developed countries, large-scale 

monoculture cultivation of crops and a high degree of mechanization has greatly 

amplified the problem of honey bee poisoning by pesticides. However, in recent 

years, education and public relations have achieved much in reducing bee losses due 

to pesticide poisoning in the developed world. 

In developing countries, all species ofhoneybee still face very high risk because 

agricultural practices often include insecticide application carried out in ignorance 

or indifference to the indispensability of bees. In all the developing countries of 

south and southeast Asia, a large area of land is being brought under the cultiva ion 

of high yielding exotic cultivars of crops and along with them their pests have also 

error, accident or lack of properbecome introduced either through human 

quarantine facilities. For the control of these pests, a large number of biocides are 
usecoming into use. Because of the lack of information, farmers in the region 
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blanket application without caring what and how much to use and when. Unlike 
developed countries, there isalso lack oflegislation to prohibit the use ofpesticides 
to the extent that kills bees. Integrated pest management technologies for protec
tion of honey bees from harrrfl effects of broad-spectrum biocides are lacking. 
Such overreliance on chemical methods isadversely affecting environmental health 
including health hazards to humans and decline in other non-target animal 
populations. Amongst the latter, honey bees, because of their social behavior, run 
the highest risk of pesticide poisoning. 

Diseasesandenemies 
There are frequent reports of Apis ceranacolonies being affected by nosema, 

virus duster and sacbrood diseases in the Hindu Kush-Himalayan region. Re
cently, European foulbrood disease has badly affected Apis cerana colonies in 
Kathmandu valley, Nepal. 

Amongst the mites, Acarapis woodi Varroa jacobson4 Neocypholaelaps, 
Tropilaelapssp and Iyemotes naferihave been reported on Apis cerana.Amongst 
these, acarine disease poses a serious problem (Verma 1987). 

Amongst the predators, five different species of wasps pose a serious threat to 
the beekeeping industry in this region. However, because of its shimmering and 
evasive behavior, Apis cerana can resist the attacks of wasps better than Apis 
mellifira Two species of wax moths, Galleriamellone/ia and Achroia grisellaare 
,.!rious pests in Apis ceranacolonies as this native species of honey bee does not 
collect propolis to guard against the attack of moths. 

In recent years, Thai sacbrood virus disease has been reported from all 
countries where Apis ceranais found. In the early nineteen eighties, the incidence 
and severity of this disease increased at such an alarming rate that more than 95 
percent ofcolonies infected in different countries were killed by this disease (Rana 
etat 1986, 1987). This resulted in great economic loss to beekeeping with Apis 
ceranain Asia not only in terriis ofhoney and beeswax production but also through 
adversely affected pollination services. The problem was particularly severe in the 
temperate region ofthe country where disease was more widespread than in tropical 
and sub-tropical regions. 

The presence of Thai sacbrood virus in the diseased colonies ofApis ceranain 
northern India was confirmed by conducting electron microscopic and serological 
studies (Rana et aL 1986, 1987). 

Different control measures recommended earlier to control the spread of 
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sacbrood disease in Apis m-lifera were unsuccessful in Api cerana (Rana et aL 

1986). However, about 5 percent ofcolonies in the affected areas were resistant and 

escaped the attack of this disease. Detailed investigations on such colonies indicate 

that some mechanism of resistance to the sacbrood virus disease exists in Apis 

cerana.In nature, this disease has a five-year cycle, and after this period, about 5 

percent of the surviving colonies start multiplying in a normal way and normal 

population iLthen restored. 

Due to the incidence of Thai sacbrood virus disease in Apis ceraain recent 

years, the beekeepers in the region had no choice but to adopt beekeeping with Apis 

melliferawhich is not only free from this disease but is also giving higher economic 

returns to the farmers. Consequently, Apis ceranahas been completely abandoned 

by the farmers in the region and it has now become an endangered/threatened 

species of mere academic interest to the researchers in conservation biology. 

Humanpredation 

Beekeeping in the Hindu Kush-Himalayan region is marked by a long history 

of honey hunting. Traditional honey hunting methods killed most of the bees, 

destroyed the brood and left no honey stores behind in the nest for consumption 

by bees during dearth periods. Such harmful exploitation by man resulted either 

in the loss ofbee colonies or development of undesirable traits like absconding and 

swarming during the course of evolution. Since many of these absconding or 

swarming colonies have the tendency to return t: the same nesting site each year, 

they are thus subjected to further harmful exploitution as these locations are well 

known to people. The net result of such human predaton is both temporal and 

spatial dedine in bee populations in their native habitat (Bishop 1992). 

The values of conserving Apis cerana bio-diversity 
now use areThe natural products which honey bees produce and humans 

honey, royal jelly, pollen, propolis, beeswax and bee venom. These materials have 

food and for medicinal and pharmacologicalbeen widely used as nutritional 

purposes since ancient times. These natural products of the beekeeping industry 

use value because they can be consumedhave both consumptive and productive 

directly without passing through a market and at the same time these hive products 

can be commercially harvested for exchange in formal markets throughout the 

world. Every common man is well aware of these direct values of this important 

biological resource. 
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Howeve. . Is.edirect values, honey bees provide non-consumptive 
benefits of cc 3...o.OtanicIl resources which may far outweigh direct values 
when they are ..-. Thesesocial insects deal with such primary functions of 
the ecosysten .: uc;ion, including pollination, gene flow, cross-fertiliz
ation, mainte: ..-:..'.iversity, environmental forces and species that influence 
the acquisitic 'Lgcnet6 traits in economic species and maintenance of 
evolutionary . . eading cr, constant dynamic tension amongst the competi
tors in ecosy. ese nor, -consumptive benefits can be harnessed to a 
maximum ext, ;h,.le use of native bee species like Apis ceranarather than 
with exotc A 
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Abstract 
A recent survey conducted by the author in some mountainous areas of the 

Hindu Kush-Himalayan region reveals that Api cerana populations are likely to 

dedine to a level that is no longer viable. The major threat for such a decline comes 

from its replacement by amore productive type of beekeeping with European Apis 

melfawhich isnow becoming :he basis of the flourishing industry in the region. 

Other causal factors for loss of this valuable genetic resource are habitat alteration 

from highly diverse natural ecosystems to far less diverse (often monoculture) agro

systems, indiscriminate use of biocides, incidence of Thai sacbrood virus disease 

and over-harvertiig of hive products by traditional honey hunting methods. Such 

a rapid decline in genetic diversity of Apis cerana would not only mean serious 

negative impact on the income level and nutrition source ofmountain communi

ties living at or below the subsistence level but also serious impairment of essential 

ecological services and loss of biodiversity. Keeping in view the above, ICIMOD 

in Nepal with a grant from the USAID has initiated a regional project on 

conscrvation of Apis cerana. The project studies include identification of sub

species ard geographic ecotyps through classical and molecular techniques, and 

bchavioral and apiary managemcnt researcn. The findings of this research are 

discussed in this paper. 

Key Words: 
Apis cerana,biodiversity, hab itat alteration, extinction, pesticides, bee diseases 

and enemies, human predation, introduced species, Himalayas. 
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Genetic Diversity in Apis cerana* MS #3
 
by L R Verma 

The genetic diversity of Api mellifera has 
been organised Into 24 subspecies 
having varied economic usefulness, . 
These subspecies are adapted to a wide 
range of ecological conditions and range 
from O at the equator to latitudes as 

50N and 30'S.great as 

So far only four subspecies of Apis ceriia 
are recognised. although there may be 
several more because of Its wide range 
of geographical distribution. 

One re,,e.rcn gro,,r.n ie nterrdl. ra, : 

tor ;rte,g~aed \iontar :.
 

.tarce - mcr:r. . ." ra % 

eJMJ S.JctZec es :r'e -limd .a' ". -nn-: 
Tr.,se Ss :c. es ii'e "o .r , .. '1,r .,a,. 

-,P i , ,,. 1 J.2,J , r - , , .,J, , ,'t..; 

Accardirg ti bee sze-t~sts in Ct,,n !-.e 

different sutspecies cf Ais eain -epreien: -, 
different eca-geographic zones hae beer. 
ident:fied These .nclude Ai,. :eana ;e,,a .r: 
.,r.1r1 s , . ,.. i e¢rini ae¢ is$ A.. :,,nI 

nazlianems;i and A:4. .eiranJ nai;a 

Each subspe<ies Fas further locall, acale-
populations called ecotypes which dilfer lrem 
cach other in several biological and economic 
characters For example we have successlulh, 
identified thr.- ccotypes of subspecies A s 
¢.,rana iymiaJa~ 'hat correspcxnd to gp teoraph,e 

distribution in Iitre Naga and Mtzo ntis 2 

Brahmaputra '..;le, and Khasi Hills ari 3. 'e 

foothills of ihe ioflh-east Himala~at On 

similar lines Chinese bee scientists have aiso 

classified Ams ura cruoa into five ecotypes 

namely Ouangtriong-Cuanxi type Hunan type 

Yunan type North China type and 
In some parts of the HinduChangbaishan type 

Kush Himalaya. Am urann crarma matches the 
European hive bee Apts mefiera incommercial 
value and has specLacular potential for further 
genetic improvement 

STOCK IMPROVEMENT 
Many of the above mentioned subspecies and 

ecotypes of Aps trena are at present not 

economically viable. Therefore selection and 
breeding programmes to produce a bee 
suitable for intensive management is required 
To achieve stock improvemet., different Apis 
Cemna subspecies and ecotypes should be 
accumulated at a central location and superior 
genotypes be identified Another important 
pre-requisite for stock improvement is to 
evolve efficient queen rearing for Apis crana 
and also estabish isolated mating stations for 
pure line breeding The latter is essential 
because inslrumental insemination in Apis 
crraiia has unexpectedly turned out to be a 
difficult task due to very low volumes of semen 
ejaculated by drones 

MANAGEMENT 
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ABSCONDING 
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.t4e , ack it 
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ir,ccence ,i sacbro
 
.rus d-sease as ma'ir
 
CaLses -i abisconding.' 

C::n. oerlormance 

noe, .Ch case on 1 
the number 4 poller 

brirging foragers can be used to predicl 
absconding Based on this native bee species 

start showing symploms of absconding even 
two weeks befori and CPI reaches zerc even ae~reabcadi Mnaemn 
Aek beloe abscondi Management 

practices ike feeding sugar providing shade 

ard prcsiding queen gates at the hive 
entrance significantly redu,e abscondirg 
However colonies affected win sacbrood 

virus disease show such a severe instinct of 

absconding that these may leave the hive even 
without the queen 

SWARMING 
One of the mos. effective ways of reducing 
frequent swarming is to following selection 
programmes against this undesirable trait 

Removal of newly constructed queen cells 

during the active season also helps to check 
swarming 

Trn recurrence of sacbrood virus after an 
earlier cycle during 1982-1986 has threatened 
beekeeping with Apis (rmna throughout its 
range and is forcing beekeepers to replace it 

with more prolifk Apt; mrllikra Some colonies 
are still resistant to this disease and in the 
absence of any effective chemical control 
measures a vigorous selection programme 
needs to be followed 

* Part of this paper wasdeiwrd by theauthor as 
Chairpertsand Orarni,r of t Sympoum tilW 
Apis cerana ad other homli bersof Adae. dunng 
the XlX InteriationalCongress of Enlomolgy. 
Beiing. China 1992 
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GENETIC DIVERSITY IN HIMALAYAN HONEYBEE AW CERANA F. 

L.R. Verma, International Centre for Integrated Mountain

Development (ICIMOD), P.O. Box 3226, Kathmandu, Nepal 

Project activities include morphometric, molecular, pollination,

behavior, apiary management research and training in beekeeping

with Himalayan honeybee, Ap" c F. The main objective is
promotion and development of modern beekeeping with &p." cer.n 
and 
save it from threatened extinction.
 

For morphometric research, survey ane aample collection work of

Apjg ceran 
 is being carried out thioughout Hindu Kush-Himalayan

range as well as other countries of Asia where this been species
occurs: 
 So far this project has successfully identified three
sub-species namely hpis cerana 
_gern, A2.s c himalaya andAis cerana jn 
 from Indian and Nepal Himalayan region. In
 some parts, Apis c matches European honeybee, Akis 
rellifera in commercial use value and has spectacular potentialsfor further genetic improvement by selective breeding and

molecular research. 
ICIMOD has signed a cooperative agreement
with USDA-ARS Honeybee Research Laboratory, Baton Rouge,

Louisiana and more than 90 Apis cerana worker bee samples

representing different eco-geographical zones of Himalayas have
been sent to this laboratory for population genetic analysis of

mitochondrial and nuclear DNA. 
Survey work on beekeeping with

A2i erana reveals that this bee species populations are on the
decline throughout its range due to its replacement by more
prolific Api2 melifra, habitat alteration, indiscriminate use

of biocides, sacbrood virus disease and traditional honey hunting

methods.
 

To fill in the research gaps on pollination technology, field

experiments on the role of Apis c in enhancing vegetable

(radish, cauliflower, cabbage and lettuce) seed production in
Kathmandu Valley of Nepal 
are in progress. So far studies on

floral biology and comparative foraging behavior of Ap-i 
 cerana
 
on these crops have been completed. Data on qualitative and

quantitative effects of Apis c pollination on vegetable

crops is now being analysed. Distinct advantages of using 
 1
 
c for crop pollination over Apis mellJfera include earlyinitiation of foraging 
even at 51C, longer foraging hours,

shorter flight range, low cost of colony maintenance during
dearth periods, no competition for forage with other native bee
species and non-apis pollinators, coevolution of this bee species

with native crops etc.
 

In the present project, studies on economic and biological

characters which affect productivity and pollination activities

of "pjsc is being conducted. Prolificness in Apj2 cerana
varies from 150-850 eggs per day and brood rearing occurs

throughout the year under climatic conditions such as that of
Kathmandu valley in Nepal. 
 During dearth periods (monsoon and
 



winter season) feeding supplementary diet consisting of pollen,
yeast and sugar significantly increased prolificness and colony
strength. Frequent swarming can be checked by removal of newly
constructed queen cells. 
 Colony performance index based on
pollen bringing foragers can be successfully used for p: edicting
absconding. Absconding can be 
overcome through sugar feeding in
the dearth periods, provision of shade in hot summer and
providing queen gate at the hive entrance. 
There is recurrence
of sacbrood virus disease in Apj 
 qera=r colonies throughout its
range. 
In the absence of any effective chemical cantrol
measures, a vigorous selection programme for resistance against
this disease is being carried out.
 

This project has been successful in networking the beekeeping
research and development activities with concerned
institutions/organizations both in ICIMOD countries and outside.
The results of present research are benefitting not only the end
users but also creating awareness amongst policy makers, planners
and administrators about the role of bees and beekeeping for
sustainable productivity of farming systems and for the
maintenance of biodiversity of natural ecosystems. 
 However,
there is a serious conc.ern that scientifically valuable database
being developed through morphometric and molecular research may
not be of direct use to the farmers unless different identified
subspecies/ecotypes are tested at 
a central location and further
genetic improvement of superior genotype made through selection
and breeding programme. These selected stocks may then be made
available to farmers. 
 Future development and promotion of
beekeeping with Apis gerana would therefore depend upon
continuing international funding. 
USAID may consider this point

in all seriousness.
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STRATEGIES FOR CONSERVATION OF 

AAA Newsletter, 1993 ASIAN HIVE BEE, APIS CERANA 

L. Verma 
International Centre for Integrated Mountain Development (ICIMOD), 

Apis cerana is Adominant native bee of South and 
Southeast Asia and equivalent of European hive bee Apis 

Apis mellifera in commercial use value and has 
spectacular potentials further genetic improvement by 

mnellifera. This bee species is suffering decline and is selective breeding and molecular research. 
threatened with extinction throughout its range. The 
major threat comes from its replacement with exotic and 
more prolific Apis mellifera, habitat alteration, pesticide 
poisoning, diseases and enemies particularly recurrence of 
sacbrood virus disease and human predations especially 
through traditional honey hunting methods. While the 
consequence of a decline in Apis cerana populations 
throughout Asia can only be speculated at, it (sclear that 
such decline is undesirable in terms of economic 
development, maintenance of biodiversity in natural 
ecosystems and productivity of farming ecosystems. It is, 
therefore, essential to raise and discuss issues on which a 
strategy for its conservation can be based for future. 

Stock Improvement of Apis cerana 
Many of the above mentioned sub-species/ecotypes 

of Apis cerana are at present not economically viable. 
Therefore selection and breeding program of superior 
genotypes to produce a bee suitable for intensive 
management is required. To achieve stock improvement. 
different Apis cerana subspecies and ecotypes should be 
accumulated a a central location and superior genotypes 
be identified by integrating biometric and molecular data 
with behavioral and economic criteria. Another important 
pre-requisite for stock improvement is to evolve an 
efficient queen rearing for Apis cerana and also establish 
isolated mating stations for pure line breeding. The latter 

The Amount ofApis ceranaGenetic Diversity: is essential because artificial insemination is Apis cerana 
The genetic diversity of Apis mellifera has been has unexpectedly turned out to be a difficult task due to 

organized into 24 sub-species having varied economic very low volume of semen ejaculated by drones. 
usefulness. These sub-species are adapted to a wide range 
of ecological conditions and at latitude ,anging from 0' at 
equator to latitude as high as 50N and 30'S. So fr only 
four sub-species of Apis cerana are recognized, although 
there may be several more because of its wide range of 
geographic distribution, 

Our research group in ICIMOD has successfully 

identified genetic variance in morphological characters of 
Apis ceranaand confirmed the accepted distribution of A. 
cerana sub-species in the Himalayan region. These sub-
species have been named as Apis cerana cerana, Apis 
cerana himalaya, Apis cerana indica. According to a 
survey conducted by bee scientists in China, five different 
sub-species of Apis cerana representing different eco-
geographic zones have been identified. These include 
Apis cerana cerana,Apis ceranaskorikovi, Apis cerana 
abaensis,Apis cerana hainanensisand Apis cerana 
indica. 

Each sub-species has further locally adapted 

Apiary Management and Behavior Research 
During the course of evolution, Apis cerana has 

developed certain behavioral characteristics such as 
frequent absconding and swarming which are essential for 
the sL.'iva of colonies but undesirable from beekeeping
point of view. 

Our research group has identified lack of sufficient 
bee flora, excessive handling, exptsure of colonies to 
summer sunshine and incidence of sacbrood virus disease 
as major course of absconding. Colony performance 
index (CPI) based on number of pollen bringing foragers 
can to a great extent be used for predicting absconding. 
Based on this criteria, this native bee species starts 
showing symptoms of absconding even two weeks before 
and CPI reaches zero even a week before absconding. 
Management practices like feeding sugar, provision of 
shade, providing queen gate at the hive entrance 
significantly reduce absconding. However, colonies 
affected with sacbrood virus disease show such a severe 

populations called ecotypes which differ from each other instinct of absconding that these may leave the hive even 
in several biological and economic characters. For without queen bee. 
example, we have successfully identified three ecotypes of 
sub-species Apis cerana himalaya that correspond to 
geographic distribution in(1)the Naga and Mize Hills, (2) 
Brahmaputra valley and Khasi Hills, and (3) the foothills 
of the northeast Himalayas. On similar lines, Chinese bee 
scientists have also classified sub-species Apis cerana 

One of the most effective way of reducing frequent 
swarming is to follow selection program against this 
undesirable trait and removal of newly constructed queen 
cells during active swarming season also help to check it 
considerably. 

cerana into 5 ecocypes namely, Guangdong-Guanxi type, Currently recurrence of sacbrood virus epidemic 
Hunan type, Yunnan ,ype, North China type and after an earlier cycle during 1982-1986 has threatened 
Changbaishan type. In some parts of Hindu Kush beekeeping with Apis cerana through Nut its range and is 
Himalaya. Apis cerana ceranamatches European hive bee forcing beekeepers for its replacement by more prolific 

2 

BEST AVAILABLE DO CU tMENT 

91/.. 



Apis mellifera. Some colonies are still resistant to this as well as better bee pollination services-principally
disease and in the absence of any effective chemical to th'. regional needs of south and south-east Asian
control measure, vigorous selection program need to be countries thereby ensuring a good source of income 
followed, and nutritious food to rural poor communities living 

at or below subsistence level.Pollination and Blodiversity Concerns 2.To assist different Government agencies, beekeeping
Apis cerana is a vital component of natural communities and commercial enterprises to create a 

ecosystem. Its decline may have serious consequences for cadre of beekeeping experts by training them in both 
various entomophilous plant species. This bee species practical and scientific aspects of beekeeping.
show distinct advantages over Apis rnellifera for pollina- 3.To provide information and advisory services and also to 
don of agricultural crops. These include longer foraging act as acoordinating center for international 
hours, earlier initiation of foraging activity even at 5' c cooperation in beekeeping.

outside environmental temperature, short flight range, low 4.To assist different developing countries of this region to
 
cost of colony management during dearth periods, 
no establish anational program in beekeeping. 
foraging competition with other native bee species and 
non-apis pollinato, co-evolution of this bee species with Organization:
native crops, etc. The proposed center may have three major programs 

Keeping in view the above, promotion of beekeeping in beekeeping. i) Research, ii) Training, iii)International 
with Apis cerana within a domestic setting appears to be Cooperation. 
essential for the maintenance of biodiversity of forest and i) Research may be carried out in the following basicand applied areas primarily on Asiatic species of honeybee. 
grassland ecosystem and for enhancing the productivity of a) Bee Biology 
farming systems. b) Bee Pathology 

Unfortunately, in developing countries of South and c) Bee Botany and Pollination
 
Southeast Asia, the role of bees and beekeeping as an d) Beekeeping Technology and Equipment

important biological input for enhancing the yield of e)Beekeeping Economics and Marketing Hive Products
 
agricultural crops has often been underestimated. The f) Apitherapy
 
sustainable development of mountain agriculture in the
 
twenty first century will therefore necessitate re-orientation ii) Training courses both in practical and scientific
 
of the present crop production technologies. Instead of asp,.cts of beekeeping may be offered for the benefit of
 
making substantial use of physical inputs such as chemical beekeepers, beekeeping instructors, beekeeping extension
 
fertilizers, biocides, irrigation, heavy machinery, etc., a personnel from the department of agriculture, forestry and
 
shift towards biological inputs such as bee cross rural development representinr different beekeeping
 
pollination, biological nitrogen fixation, nutrient uptake, communities or association, commercial enterprises and
 
biotechnology, etc. will become essential to increase food Government departments from the entire region of South
 
productivity. Moreover, such biologically based and South-east Asia.
 
agriculture will only have positive ecological consequence. iii) International co-optation program will deal with
 
Thus, there is a need to create awareness amongst policy technology sharing and technology transfer for the
 
makers, planners and aid agencies about promoting bees advancement of beekeeping in this region. It will organize

and beekeeping as an important component of present day regional training programs, workshops, seminars, 
strategies for sustainable agriculture and rural development conferences and monitoring tours. It will also act as 
program. information dissemination center by publishing extension 

Training and Research Center for Asian Bees and literature for the popularization and promotion of 
Beekeeping beekeeping, advisory services to individual participating 

For future development with Apis cerana in South countries and on regional basis also. 
and Southeast Asia, acoordinated and systematic effort by 
establishing a training and research center for Asian Be, 
and Beekeeping in this region is essential. This Center 
should have acontinuing internationally funded program in "ar AAA News810 supplement isbeekeeping training and research with the following * published irregulary by Asian Apicultural : 
mandate, objectives and organization. 0 Association in order to supplement 

M Beekeeping And Development, which is the
Mandate and Objectives official news letter of AAA. Editor: Tetsuo Sl.The overall objective should be to generate and deliver * Sakai /Assistant Editor: Hitomi Enomoto * 

improved beekeeping management technology * (Mailing Address: Institute of Honeybee 
through research and training primarily on Asiatic * Science, Tamgawa University, lachida-shi, 
species of honeybees that will contribute to increased Tokyo 194 Japan)
 
production and quality ofdifferent hive products " * * * * * * * * , * * * * * * * * * * * *
 
(Honey, Beeswax, Royal Jelly, Propolis and Venom)
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Proc. Int. Entomol. Cong. Beijing,1992 

OF ASIAN HIVE BEE, APIS CERANASTRATEGIES FOR CONSERVATION 

L.R. Verma 

International Centre for Integrated Mountain Development (ICIMOD), 
P.O. Box 3226 Kathmandu, Nepal 

Apis cerana, is a domesticated native bee of South and Southeast Asia and equivalent of European 

hive bee Apis mellifera. This bee species is suffering precipitous decline and is threatened with 
more 

extinction throughout its range. The major threat comes from its replacement with exotic and 
particularly

prolific Apis mellifera, habitat alteration, pesticide poisoning, diseases and enemies 
traditional honey 

recurrence of sacbrood virus disease and human predations especially through 
populations throughout Asia 

hunting methods. While the consequence of a decline in Apis cerana 
is clear that such decline is undesirable in terms of economic 

can only be speculated at, it 
and productivity of farming eco

development, maintenance of biodiversity in natural ecosystems 

systems. It is, therefore, essential to raise and discuss issues on which a strategy for its conservation 

can be based for future. 

The Amount of Apis cerana Genetic Diversity. 

organised into 24 sub-species having varied 
he genetic diversity of Apis mellifera has been 

are adapted to a wide range of ecological conditions and 
economic usefulness. These sub-species 

at equator to latitude as high as 500N and 300S. So fer only four sub
at latitude ranging from oo 
species of Apis cerana are recognised, although there may be several more because of its wide range 

of geographic distribution. 

genetic variance in morphologicalsuccessfully identifiedOne research group in ICIMOD has 
distribution of A. cerana sub-3pecies in the 

characters of Apis cerana and confirmed the accepted 

Himalayan region . These sub-species have been named as Apis cerana cerana Apis cerana 
survey conducted by bee scientists in China, five

himalaya. p cerana indica. According to a 
sub-species of Apis cerana representing different eco-geographic zones have been

different 
Apis cerana skorikovi Apis cerana abaensis. Apiscerana ceranidentified. These include Api 

cerana hainanensis and A Serana indica-

Each sub-species has further locally adapted populations called ecotypes which differ from each 

other in several biological and economic characters. For example, we have successfully identified 

cerana hiMalya that correspond to geographic distribution in 
three ecotypes of sub-species Aps 
(1) the Naga and Mizo Hills, (2) Brahinaputra valley and Khasi Hills, and (3) the foothills of the 

northeast Himalayas. On similar liries, Chinese bee scientists have also classified sub-species Apis 
Hunan type, Yunan type, North 

cerana into 5 ecotypes namely, Guangdong-Guanxi type,cerana 
In some parts of Hindu Kush Himalaya, Apis cerana cerana 

China type and Changbaishan type. 
matches European hive bee Apis mellifera in commercial use value and has spectacular potentials 

for further genetic improvement by selective breeding and molecular research. 

BEST AVAILABLE DOCUMENT 

Part of this paper was delivered by the author as chairperson and Organisor of Symposium 

and other honeybees of Apidae during XIX International Congress of
entitled Apis cerana 
Entomology, Beijing, China, 1992. 



Stock Improvement of A& cern 

at present not economicallyare 
Many of the above mentioned sub-species/ecotypes of APis cerana 

viable. Therefore selection and breeding programme of superior genotypes to produce a bee suitable 
cerana sub-

To achieve stock improvement, different Apis 
for intensive management is required. 

a central location and superior genotypes be 
and ecotypes should be accumulated atspecies beha iora and economic criterias. 

identified by integrating biometric and molecular data with 
an efficient queen rearing for 

Another important pre-requisite for stock improvement is to evolve 

and also establish isolated mating stations for pure line breeding. The latter is essential 
cerana 

L cerna has unexpectedly turned out to be a difficult task due 
because-artficial insemination in 

to very low volume of semen ejaculated by drones. 

Apiary Management and Behaviour Research 

has developed certain behavioural characteristics such 
During the course of evolution, ! cerana 

as frequent absconding and swanrming which are essential for the survival of colonies but undesirable 

from beekeeping point of view. 
ofbee flora, excessive handling, exposure 

Our research group has identified lack of sufficient 

colonies to summer sunshine and incidence of sacbrood virus disease as major causes of absconding. 

Colony performance index (CPI) based on number of pcllen bringing foragers can to a great extent 
bee species start showingon this criteria, this native 

be used for predicting absconding. Based 
even a week before 

two weeks before and CPI reaches zero 
symptoms of absconding even 

absconding. Management practices like feeding sugar, provision of shade, providing queen gate at 

the hive entrance significantly reduce absconding. However, colonies affected with sacbrood virus 

disease show such a severe instinct of absconding that these may leave the hive even without queen 

bee. 

to follow selection programme
of reducing frequent swarming is 

One of the most effective way 

against this undesLable trait and removal of newly constructed queen cells during active swarming 

season also help to check it considerably. 

an earlier cycle during 1982-1986 has
virus epidemic afterCu-rently recurrence of sacbrood for Itsand is forcing beekeepersAl ±. cerana throughout its range

threatened beekeeping with 
are still resistant to this disease and in

mellifera. Some colonies
replacement by more prolific Api 

the absence of any effective chemical control measures, vigorous selection programme need to be 

followed. 

Poflinaliot and Biodivefsity Concerns 

cerana is a vital component of natural ecosystem. Its decline niay have serious consequences 
Api 

bee species show dstinct advantages over Avis 
for various entomophilous plant species. This 

mellifera for pollination of agricultural crops. These include longer foraging hours, earlier initiation 

of foraging activity even at fC outside environmental temperature, short flight range, low cost of 

colony management during dearth periods, no foraging competition with other native bee species 

and non-apis pollinators, co-evolution of this bee species with native crops etc. 

cerana within a domestic setting 
Keeping inview the above, promotion of bee keeping with Apis 

appears to be essential for the maintenance of biodiversity of forest and grassland ecosystem and 

for enhancing the productivity of farming systems. 

Unfortunately, in developing countries of south and southeast Asia, the role of bees and beekeepin/ 
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as an important biological input for enhancing the yield of agricultural crops has often been 
underestimated. The sustainable development of mountain agriculture in the twenty first century will 
therefore necessitate reorientation of the present crop production technologies. Instead of making 
substantial use of physical inputs such as chemical fertilizers, biocides, irrigation, heavy machinery 
etc, a 	 shift towards biological inputs such as bee cross pollination, biological nitrogen fixation, 
nutrient uptake, biotechnology etc. will become essential to increase food productivity. Moreover, 
such biological based agriculture will only have positive ecological consequences. Thus, there is a 
need to create awareness amon,3st policy makers, planners and aid agencies about pr-omoting bees 
and beekeeping as an important component of present day strategies for sustainable agriculture and 
rural development programme. 

Training and Research Centre for Asian Bees and Beekeeping 

For future development of beekeeping with Apis cerana in South and Southeast Asia, a coordinated
 
and systematic effort by establishing a training and research centre for Asian Bee and Beekeeping
 
in this region is essential. This Centre should have a continuing internationally iunded programme
 
in beekeeping training and research with the following mandate, objectives and organisation
 

Mandate and Obiectives 

1. 	 The overall objective should be to generate and deliver improved beekeeping management
 
technology through research and training primarily on Asitic species of honeybees that will
 
contribuu to increased production and quality of different hive products (Honey, Beewax,
 
Royal Jelly, Propolis and Venom) as well as better bee pollination services-principally to the 
regional needs of south and south-east Asian countries thereby ensu-ing a good source of 
income and nutritious food to rural poor communities living at or below subsistence level. 

2. 	 To assist different Government agencies, beekeeping communities and commercial 
enterprises to create a cadre of beekeeping experts by training them in both practical and 
scientific aspects of beekeeping. 

3. 	 To provide Information and advisory services and also to act as a co-ordinating centre for 
international co-operation in beekeeping. 

4. 	 To assist different developing countries of this region to establish a national programme in 
beekeeping. 

O0aaamba 

The proposed centre may have three major programmes in beekeeping. 

i) Research
 
ii) Training
 
iii) International Co-operation
 

Research may be carried out in the following basic and applied areas primarily on Asiatic species 
of honeybee. 

a) Bee Biology 
b) Bee Pathology BEST AVAILABLE DOCUMENT 
c) Bee Botany and Pollination
 
d) Beekeeping Technology and Equipment
 
e) Beekeeping Economics and Marketing Hive Products
 
f) Apitherapy
 



Training courses both in practical and scientific aspi.cts of beekeeping may be offered for the benefit 
from the department of

of beekeepers, beekeeping instructors, beekeeping extension personnel 
different beekeeping communities or 

agriculture, forestry and rural development representing 

associations, commercial enterprises and Government departments from the entire region of south 

and south-east Asia. 

International co-operation programme will deal with technology sharing and technology transfer for 

It will organise regional training programmes,the advancement of beekeeping in this region. 
workshops, seminars, conferences and monitoring tours. It will also act as information dissemination 

centre by publishing extension literature for the popularization and promotion of beekeeping, 

advisory services to individual participating countries and on regional basis also. 

out by keeping continuing contracts with national and 
All the above prograr.,.es will be carried 

international agencies. 

BEST AVAILABLE DOCUMENT 
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Muitivanate Siat~stic,-ai;; '.'ses o1 55 rn-or:,.,,,:,,,r:c characlerz 

.vt r(- lniolc t'or cci IcctlIGI 1 - :;s ccrirnci iro ',2 ,.-. ' Il ti le 
i-niiachai Pradesn and .Jammu and Kashmir -tate- c: the norihes-

Himalayas. Two disunct biometnc groups were observed after 

:iscnminant funcuon analysis and cluster anavsis. The aroups were 

associated with differences in the climates of the Hi-machal and 

Ka_-h-mmr re~ions. Previous obser.'ations were conimed that some 

characters *were associated wlih aLutude and ra:n,J,. s_uch that beez

were larzer and darker at hicher altitudes and lower rainfall. The 

phenetic clustering of samples within each region corresponded in 

general to phvsioeraphv. Principal components anaivsis indicated 

minimal contnbutions of general size components to overall 

covariation in each of the regions. 

Keywords H1): 

Apidae. Apis cerana. honeybee. India. Himalayas. Himachal 

Pradesh. Kashmir. morphomeu-ics. discriminant function analysis. 

principal components analysis, geographic variation 
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a

The Eaistern Hon",-eDetr. .)'Ls cerrna Fabncius. occupies 

2.:.utI exlndilZ1 11 m .,,:Lanistan to Japan and thence southeast 

-.:e -- ,.s stucv ,i iocuted I n collections made: i.-a to the \Vallac: 

ajidl'date of Himachal Pradeshi 
at 20 localities in the Hrnachai region 

(state cf Jamnu and Kashmir! of the northwest
Kasnnir reaion 

1983). Univanate
Himalayan Region (see map in Mattu and Verma. 

have been published and
bees from t*hese coilections.Ln.,.,ses ot 

Mattu and V\'rma. '983. 1984a.
co.de additional in:o;maUO1. 


1982. Verma et al.. 1984). In this study.

19541). Verma and Mattu. 


certain univanate anal.vses are re-examined by analysis of variance
 

IA.NOVAI and summarized, and multivariate discnminant function
 

anajvsis IDFA) and principal components analysis (PCA) are performed.
 

Materials and Methods:
 

4 to 5 wild colonies
were made fromCollections of worker bees 

at each of 20 localities. The total number of bees from each locality 

are given in Table 1 (see also Mattu and Verma.
and other information 


were those for which univariate analyses

1983). The 55 characters 


1984a. 1984b).

were previously reported by Mattu and Verma (1983. 

Code numbers for the characters and brief descriptions of the 

measurements are provided in Table 2. 

on an IBM 3090 computer at the
Computations were performed 

For the discriminant analyses the
University of California. Berkeley. 

programs DISCPJMINANT (prior probabilities equal: minimum 

BEST AVV' Tpq 
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tolerance in stepwise procedu."- was 0.001) and FACTOR Irom the 

Statistical Packae for the S_.L Sciences (Norusis 1983) was used 

The program NTSYS-PC Roh: :987) was used to perform unw.elzIhted 

pair- group cluster analses ,. anthmeuc averazes ILPG-M as 

descnbed by Sneath and Sokha 1973). .-l other computations were 

made with special programs wnitten by IVD and performed on an 

IBM-AT personal computer. 

The statistical analyses were performed in four phases in a 

manner similar to that descr.ied by Singh et al. (1990). The purpose 

of the first phase was to make an initial DFA of the 20 localities to 

determine how the collections of bees from the 20 localities could be 

clustered into a smaller number of groups. The measurements of all 

characters for the collections were grouped by locality and entered as 

20 groups in a DFA. The program included a univariate ANOVA for 

each character over the 20 groups. The extent to which the DFA 

discriminated among the localities was evaluated by reclassi.'ing the 

1184 individual bees with the coefficients from the analysis. Each bee 

was assigned to the group for which the bee had the highest 

probability of membership. With 20 groups of equal prior probability, 

5% could be correctly classified by chance alone. 

The mean value of each character at each locality was then used 

to compute the coordinates of the centroids for each locality with 

respect to the 19 canonical discriminant functions. From the 

coordinates, the square roots of the Euclidean distances between each 

pair of localities were computed. The smaller the distance, the more 

BEF)!T F Af .,I-NT 



5 

at locahues.,,iiar are the biometries of the bees collected two 

LPGMA cluster anaivsls was made of the Euci:dean,.,rarchic 

On th.is:li-.ances among the 20 locahlues tSneaLh and !okal. 1973). 

!: w major biometnc zroups were recoanized.uo 

The purpose of the second phase of analyses was to evaluate the 

major biometric groups using all 55disciminauon between the two 

were(haracters. The measurements for the collections regrouped 

a second series of DFAs.
.:Ito t,.e two biometrc groups and entered in 

.A%.NO\'A for each character was performed again. now for the two 

were the "direct" method in which -roups. Two DFA methods used: 


included and the "stepwise with Wilks criterion'
all characters were 

method in which certain characters were automatically eliminated if 

the\- failed to meet certain critical values. The discrimination between 

the groups was evaluated by reclassi.iing each bee into one of the two 

two groups of equal prior probability. 50% of
biometric groups. With 

the bees could be correctly classified by chance alone. Finallv. the odd 

a (est set and only the even numberednumbered samples were held as 


Then all samples were
samples were used as data for the DFA. 


Next. the even numbered samples were

classified into the two groups. 

held as a test set and so forth. The classification of the test sets in 

of the effectiveness ofeach case provided further evidence 

discrimination. 

The purpose of the third phase of the analyses was to evaluate
 

the contributions of the different characters to the discrimination of
 

This was done by two methods: (1) bythe two blometric groups. 
1'>"°.~ C_0+: 
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-ankinc oi ,he absolute '.aluei : -.e standardized d.scnminant 

u:.( :ion ( ,:cllicients. and (2. th e J i uIC s o.ul Lhe 

Or;eiations of the 55 (haractkrs xith the sinle J;Gcnminant
 

:u:ction .'\s a result oi these, mDansons. a reduc.'r number ol
 

characters was selected to pr3'.-.de a quick method 'or identification of
 

the biometric groups. The fina choice was supported by the
 

procedure described above where odd or even samples were held as
 

test sets. .NOVA's were also made for the 55 characters mthin each
 

biometric _roup to examine the differences in the characters within
 

:he Ywo .roups.
 

The purposes of the fourth phase were (1) to determine the 

relauonships of the morphometric characters to altitude and rainfall 

and (2) to determine the contribution of a general size component to 

overall varnation within each biometric group. First. univanate 

product-moment correlations i 'r*" computed for altitude and) were 

rainfall at the localities (Table 1)versus the values of the 55 

morphometric characters for indidual bees. Second. a PCA was 

performed with altitude and rainfall included as variables with the 55 

characters for individual bees. Because the two biometric groups were 

so different, the computations of correlations and PCA were carried 

out within each biometric group rather than overall. 

Results 

Discriminant analysis 

In the first phase. the initial DFA indicated that a majority of the 

bees from each of the 20 localities were closer to other bees from the 
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-2' .cailit.. ;h-11 ;o Lt's t,-c :-ter !r(calities v~ c~e in a
 

*':::~: ~.. i.al )+, -:.,;; ?.' . *;ow
: i;; '¢,rtri . .'his was ; c; 

-,. a,ii,l;n i the :;di i':,.:.tees into the 20 . .; _ 

1: tt Cc :rect metthou. .Vf,.r .ui 55( haracter 

.: -ciuded. -a%'e n overa ; era ze o 61. 13:,es correcdiv 

,jj si i d and the stepwise method Pave 61.23'0 L....dv classiied. 

The univanate ANOVA indicated that 48 of the 55 characters over all 

20 iocaliues were hiahlv sipno:cant (significance prcbability < 0.001 

Table 6 Icr i;sti. 

The i.,iomeLric relationnis of the bees from -he 20 localities 

are shoi in the phenogram Itig. 1).Two distinct -,roups are evident: 

samples 51 to 62 from Himachal region form one biometnc group. 

and samples 63 to 70 from Kashmir region form a second biometric 

iroup. The two biometric groups are so distinct that clearer pictures 

of the three-dimensional relationships of the samples in each region 

are best shown in separate illustrations (fig. 2). 

The second phase was a DFA of the two biometrc groups with all 

55 characters. When all samples were entered as data. the overall 

classification rate was 99.9% regardless of whether all 55 characters 

were used in the direct method or just the 39 characters selected by 

the stepwise procedure were used. Because the two methods gave 

essentially the same result, we provide here the statistics from the 

direct method: unstandardized coefficients for use with raw 

measurements and standardized coefficients for use with standardized 

measurements (Table 4; see Table 3 for total means and standard 

BEST AVAI.At3.Fn t 



It, i s:r 7he .'\OVO\ ui t~t &.,. .. -; -2 an:toups .x,. i;2v :a ,F 

., i...l,r 45 ()1 I]t. 53 7r- 1ll', 1: x-a~ ":.,i, ;l:''"" ' .( lIli 


inthe third phase. the ('-aracters with -'n i.e Jlscnminant 

c.oellicients of absolute value > 0)35 (an a-rbitranly chosen ",aluej on the 

-inzle function were characters 4S. 25 and 46. These characters also 

had correlations with the funcuon of absoiute ".alue > 33 'see Table 4). 

\When only characters 48 and 25 were used in a DFA ber.,v,.en the 

)ion:etnc .roups and ail bees .:ere :ncluded a- data. the I.erail 

perct-niaze of correct classification was 99.9: When samples were 

split into test and data sets. the percentages oi correct ciassifications 

for the data sets were 100% (even numbered localitje) and 99.8: 

(odd numbered localiUes). For the corresponding test sets. 99.8'D, 

and 100%. respectively. Table 5 provides statistics for a quick 

classification of new samples with only two characters. When 

classifination of new samples into the two biometnc groups is critical. 

then the use of all 55 measurements is recommended. 

Variation and correlation of characters 

The several ANOVA's that were performed for different 

groupings of the data indicate that forewing characters 10 and 14. 

tongue characters 34-36. and antenna character 53 were not different 

among the samples or groups. while forewing characters 2. 4. 7. 8. 

and 17. hind wing character 29. and abdomen character 41 

consistently differed between the regions and among the samples 

within each region (Table 6). ANOVA's within each region indicated 
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16 characters of•.aracters ot cees Ait: inacha reztion -d 

he Kashmir different 


......li2.::n the latter reaion. '2erelore. ex.hibited :he least
 

r -::" " .vere amonz: the samples 

:I::. "t t a.monep the carnD.'S 

The correlations of rainfall and altitude with morphomeLrics of 

each region byind-,,duai bees were examined separately within 

univariate and multivariate anal','sis (Tables 6. 7). A unvariate 

(or,-eat:cn existed between rzun ail versus altitude amon,_g locaiues of 

:he -ii:iachal region t: -0.3S. sinificance probability = 0.00). but no 

= 0.02.correlation existed among the iocahties of Kashmir region Ir 

si~n:Incance probability = 0.33). These relationships also appeared in 

the PCA s where altitude and rainfall joindy contributed strongly to 

PC I in the analysis of the Himachal region. but were unrelated and 

divided in their contributions to PC I-PC3 in the analysis of the 

Kashmir region (Table 7). 

For bees of the Himachal region. 35 morphometric characters 

had significant correlations with altitude (two-tailed significance 

The highestprobability < 0.01). All but two of these were positive. 

correlations ( > 0.3. an arbitrary value) were found for forewing 

characters 2 and 5: hindwing character 24: hind leg character 30; and 

abdomen characters 41. 50. and 51. Fifteen characters had significant. 

negative correlations with rainfall of which abdomen characters 41 

and 50 were < -0.17. 
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.vi-,lilt'.:,:u .ii!At hr:,' Ar,t. . .O>Ii', .,JIV.2 .-.. ,'.- ...
 

Fur : -ec'i, -h .-.. t .c1--ra. , ,rr;-..ted 

* ,r-'.n . :a-..t.r 7 anc hl n(: %'.in2,.aractir 26 ,:2:- ....- n 

*o re,,inL. (i-aractcr 6 and aidonmen cIaracter 47 ere <:..est 

In summarv, most correiations with altitude and rn:all %%,,ithin a 

re::!cn were 'ound in wino. lez. and abdomen characters. .vhile 

eiativelv :t,. xere iounc anion ,onzue and antenn,. ha.actersi "lost 

corretations with altitude were positive and most wmth rainiall -.-.ere 

neizauve. in other words. higher alutude and lower rainfall were 

correlated with laraer size within each region. Twenty- tvo characters 

were consistently correlated with altitude in both groups. but only 

character 4 was correlated with rainfall in both groups. 

As observed previously, bees of the Kashmir region are lareer in 

length and width measurements than those of the Himachal region 

(vlattu and Verma. 1983. 1984a. 1984b). This was confirmed by 

comparing the means of the characters (Table 3) after excluding 

characters 9-19 which are angles and characters 10. 14. 18. 21. 26. 

34. 35. 36. 43. and 53 which are not significantly different between 

the groups. The exceptional characters were 38. 40. and 48. where on 

the average, bees of the Himachal region are larger. 

The PCA's of morphometrics within each region (Table 7) 

shared certain features in common: about 4% of the variation was 
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if.U itec ior v IC 1 in each,- ind - 2 ',is accounted fY:r r," 

.",.s :2c UlluJidtiV(".j(ln ) inc re,11lhlllin. cc-roIR:2,3 ,arcuut. 

%ariances ::'L bv comtonents 1-23 were cnhi:,.r('(nI3..e's ol Cxpi 

,5., . fld t.fv :.:c.hest (-r.a:duo:, Wi ' iii._-5:-4 .l\titude 

.tlth I'C Morphometric .ar ,.iS that hac h:-ner orrelatons it. 

PC I in both a.nalyses were Iore'.'in- characters !.5 and 29; hind le. 

character 41. Otherwise. ,he tw-oharacters 30 and 31: and abdo men 

7C;\ s shared little in common ..th regard to the d:stnbuuol of the 
amonz the c'rmponents.-;her correlations 

Discussion 

Two major biometric clusters emerged when all twenty sampies 

The eight samples from wxere anal%-ved in a single DFA fig. 1). he 

group and the tvelve samplesbiornetricKashmir region 	formed one 

region formed the second group. The morphometncfrom Himachal 

the groups was quite distinct. Samples from localities 
,ap between 

alonp. the boundarv between the regions did not appear to form a 

sample 63 (Table 1) takentransitional cline. For example. bees from 

at a lower elevation in western Kashmir region did not cluster with 

region. Vicebees taken at lower elevations in the western Himachal 

bees from sample 58 taken at a higher elevation in the northern versa, 

Himachal region did not cluster with bees from sample 64. also taken 

The overall lackat a high elevation. in the southern Kashmir region. 

of similarity In the distribution of correlations with the first three 

principal components of morphometric covariation in each region is 

further evidence of the difference between bees in the two regions. 
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.\R.thouh no sinkifn pflV-wmraphic leature xtrates these 

,i, ' . lr( limatic l)CL:. xr" dOte COll('.tj .. h the Doil[:,a] 

;rt:. -",• h een the states Th . rainia] siat SUC ,iion e (4o rit rt-. eaj 

" ' , ,::' 'i!i-rnCC ,Ta . -owe'.'er. ba -ed :: cr-c. ' a!;,: n: 

,-i ':'.-necs (total monthly p pitanonie. divided '. total rmlonm ijv 

t-va.orationf. the climate class: cauon of Takahashi and Arakawa 

t-95 shows the collection sites of the Kashmir rezion are in a zone 

14 d- sub-humid climate whild those of the Hirnachal rezion are in 

<ons o moist sub-hum-d or h'rmd climates. A.naj'sis of' future 

oiL- ns alonr, this ciimatic :'oundan" ".iii be necessary to discover 

.,.here the transition from one hiometric type to the other occurs or i1 

the two groups coexist svmpatncally. In the latter case. an 

appropriate taxonomic action xould be in order. 

The two biomeLric groups were distinguished by significant 

differences in 45 of the 55 characters. Bees of he Kashmir region 

wvere larger on the average han those of the Himachal region in most 

length and breadth measurements: exceptions were characters 38 

(length of postmentum) and 48 (length of wax mirror on 3rd sternite) 

in which bees of the Kashmir region abe smaller. Bees of the Kashmir 

region also had wider bands of dark color on the third and fourth terga 

and a narrower light band on the third tergite. However. the 

characters of the tongue were complex: length and breadth of 

prementum and total tongue length were not different between the 

groups. length of labial palp and glossa were larger in the Kashmir 

region, while length of the postmentum was smaller in the Kashmir 

region. 
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.' aL':a cc'h re-on. -T f-."s aiso c.xs ti . . 

.O charactirs ainc .:.:uC, and rainlail irer Size in a 

. , itXnl ir'h i.rd ;rea a;. enUe nmenltswa G.-,oJa t ',VlL 

i~lahctr alu: ude and icwter rau:. These results a In .nera v.,th 

pre\ous -nalses. but dilfer :some details becausc of diffenng 

1983. 1984a. ;984b:computational procedures i:',au.u and Verma. 

Verma and %lattu. 1982. \'erma et al.. 1984). Except for the 

orr,e itio 1s \W1lIh altitude. .an( " a lesser exient \ th rainl:l. 

oaria ainona the nmorpac:et.c characters rhemse2ves as 

revealed by PCA was remarkab>;- low. This resulted in a minimal 

of "general size to the overall covariauon amrong thecontinbution 


samples ',ithin each region. The first component usually accounts for a
 

much larger percentage of vanance in morphometnc studies (Daly.
 

19921.
 

Within each biometnc group. clusters of samples in 

often. but not always. close to each othermorphometic space were 

a close correspondencegeographically. 	 In the Kashmir region. 

the minor clusters (fig. 1) and physiographic features:existed between 

sample 68 from the Kishangana Valley. sample 69 from the Sindh 

Valley. and sample 70 from the Drass Valley. are all from contiguous 

river \,allevs at altitudes above 2300 m. Another cluter of samples 65. 

66. and 67 was 	taken in the rKasnmir Valley. just to the south of the 

first cluster and at altitudes of 1700-2000 m. All six samples were 

united in a larger cluster at phenon 5 and all were taken north of the 

Pan Panjal Range which produces a modified monsoon climate. 

',AU!NTK.I AVAL 
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.IId 64 'v. :-,oi..x m.orphotne:r,; iiv indJ t;e collection 

, ,' r aititud(-. and '.- rmai mOnstn :::-:e *'.nhl 

:.rt., - uth of the Far. -. .e an..i.and I.::c-e -aL ijver \.UieV 

.hat p-' ates the ran,:e 

In !he Himachal region. :-,ost samples in the minor clusters can 

Ihe reiatcd to phvsioarachv and "he geographic oro.v'intv of 

mnorihornetncallv related samies. but some samples can not. The 

,luster c.: samples 59. 60. 61. and 62 were taken from a zone of 

humid c',mate. dominated by the Sudej River valle', and stretching 

irom Simla to the Kinnaur region. The remaining samples of Himachal 

recgion were from the moist sub-humid zone or alone the its boundar 

with the humid zone. The cluster of samples 52. 53. 55. and 56 were 

taken III the region of the Beas River and limited on the north by the 

Dhaula Dhar Range. An excepuon was sample 54 which was 

morphometrically close to spmple 56. but was taken much farther 

south. Likevise. samples 57 and 58 were clustered morphometricaily. 

but were not close geographically. Finally. sample 51. isolated from 

other samples rnorphometrically. was taken at the lowest altitude. 
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. rd:natei. altitude in ., . r!, rainfall in ri;:t , Rai:i.
 

. . l: ication U,d .m.
:n !as!,I lol..I .-sakava = 

.iu,m:,,. C = dr- sub-hun-d. C - = moist sub-humid. . = ." nfall 

,delicient in winter. s = rainfall deficient in summeri. and total number 

-A bees collected from 4-5 .vild colonies at each site IBeesi 

,iometric croup ol Hunachal Re :on 

51 i~ispur 310 :5N 76)-40 E 587 I022 EC., 60 

52 Ki .Ta 3201'5.N 76) 16E 700 1623 C(.,' 60 

53 .ant 31043N 760 50E 761 1388 EM,/C-.., 60 

4 "NahaniSirmori 30"33N 770 21E 905 221 C.wiC,s 60 

55 BharenlHarnirpuri 31(23N 760 34"E 1007 1812 COw 60 

56 -LiLrainlKullu) 320 05N 77008E 1463 789 60' 

57 Solan 30050 N 77° 08E 1530 1187 BE'/C ,w 60 

58 Dalhousi(Chambal 32032N 750 58'E 2036 2140 C2w 60 

59 Shimla(Simla 31 0 07N 770 16E 2206 1625 Bw 60 

60 Bagi (Shimla) 310 15N 77027"E 2648 1518 Bv 60 

61 Poo(Kinnaur) 310 40'N 780 34'E 2837 368 Bw 60 

62 RoghiKinnaur) 310 32"N 780 15"E 3017 749 Ew 60 

Blometric group of Kashmir region:
 

63 RaJouri 330 23'N 740 21'E 9W 1354 ClW 60
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. ... ,E 1,43 760
 

3E 648
 - .74 


-: c 2007 ~' 
. A.~2:.V 

~,[ rnagar)- cna.~ ,, 34 -N 5J21 E 2740 1515 2..
 

-as 0_-i=.\ 75049E 2977 500 C,'
 

BEST AAILAC31 !OCUMNIENT 



2V 

i,* .O(l(t , rs an nef , c:2. 8 ' ;or aerd . ns the 

:: (.A~t~r~rnentS T.r ites andJ --" it-_ are oulnte2 -:.>-.r I,, 

C.. s mC asomal . .-'bbreviatiO - i in 

,;Iu,-.irations of Mattu and \1r:- 984a.bl. 

Forewin-n: 

Lencth of radial cell IRcLi 

2 Breadth of radial cell IRcB
 

.3 Len.zth of basal portion of radial cell (RcL,)
 

4 Lcngth of apical portion of radial cell (RcL-)
 

5 Leneth of forewing (FwL) 

6 Breadth of forewing (FwB)
 

7 Length of 1st abscissa of vein M3 +4 in 2nd median cell (a)
 

8 Lenath of 2nd abscissa of vein M3 +4 in 2nd median cell (b)
 

9 Angle 31 of forewing
 

10 Angle 32
 

11 Angle 33
 

12 Angle 34
 

13 Angle 35
 

14 Angle 36
 

15 Angle 37
 

16 Angle 38
 

17 Angle 39
 

18 Angle 40
18 Angie 40 
 BEST AVAILABLE DOCUMENT 
19 Angle 41
 



" I: L. sai pc<.;. 2" ' :izu vein iR.Li_-. ...z 


2: 1.>.h of apical . .:radial vein I.MLI 

22 en .th1o discoida":-r VLj 

23 Lenth of ind~ca %ein !:L) 

24 Breadth of hind w HwBi 

2, L.,n~b ol hind 

\~;erCI hariU.2~3 

2. %'xIC:II of hamuli ;7- 1 

2S LentLh otjugal lobe ijLI 

29 Lencth of v'annal ;be P.1) 

Hind lea 

30 Length of femur 

31 Length of tibia 

32 Length of metatarsus 

33 Breadth of metatarsus 

Tongue
 

34 Length of prementum 

35 Breadth of prementum 

36 Total tongue length BEST AVAILAi"31 DOCUMENT 

37 Length of labial palp 
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;. iuPtrr t :: tr ,1S(I I,|s 

40 Lenzth oi liht band of 3rd tergite
 

41 Lenath or dlark band of 3rd tergite
 

4 2 
 Total len-.th of 3rd territe 

43 [Leniz h , Ii ht hand of 4th :erwte 

;4 l*,th of da-k band ol 4ih , r2ite 

45 Total lV-np-th of 4th terite 

46 Breadth of wax mirror on 3rd sternite (WmB) 

47 Distance between wax mirrors on 3rd sternite \imD) 

48 Lent-th of wax mirror on 3rd sternite (WVmL) 

49 Total lenpth of 3rd stemite (S3) 

.50 Lengoth.or depth of 6th stemite (L6) 

.51 Breadth of 6th stemite (B61 

Antenna 

52 Length of scape 

53 Length of pedicel 

54 Length of flagellum 

55 Total length of antenna 

http:Lengoth.or
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7aO it .$ Ican.s and 

S " . : lO IC Irln -fj1-' 

-, - d.liDt, -I Zv 

6 rou.D Himachaj re.2 

: = 720 

Mean SE 

13.012 0.0024 

2 0.403 0.0009 

.3 1.198 0.0022 

4 1.650 00027 


5 3.498 0.0033 

6 2.847 0.002S 


7 0.537 0.0013 

8 0.143 0.0008 

9 32.182 0.0594 

10 107.499 0.1942 


11 93.778 0.1803 

12 19.261 0.0561 

13 88.365 0.1043 

14 43.472 0.1484 

15 98.174 0.1883 

16 82.333 0.1395 

17 15.035 0.0621 

, .. .rsIcr the 5.5 

::X,'.: .11d a;irld.ru 

r:ashnlr recion 

464 

.':-an SE 

.3IS 0.0038 

0423 0.0012 

1.247 0.0021 

946 0.0031 


i.748 0.0071 

3.064 0.0034 


0.566 0.0017 

0.157 0.0011 

32.821 0.1124 

107.670 0.1811 


95.667 0.1757 

17.848 0.0935 

90.539 0.1344 


43.229 0.1690 

96.931 0.2; 71 

81.065 0.1736 

13.011 0.0718 

, ir :,r 

" '. . 

Tjtl, 

11S4 

Mean SD 

3.078 ,5 ,69 

0.411 0.0270 

1.217 00586 

I.SSE 0.0842 

8.596 0.1907 

2.932 0.1292 

0.548 0.0389 

0.148 0.0242 

32.432 1.9844 

107.566 4.7396 

94.518 4.5482 

18.707 1.8551 

89.217 3.0275 

43.377 3.8521 

97.687 4.9434 

81.836 3.7913 

14.242 1.8974 

ot 
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74 62 0 I111 7-519 0.2090 74.974 4.7404 

;.2 0 0 -7 - 603 0.2643 3, 530 4 1736 

440 0.0027 4S0 0.0024 456 0.0687 

221 0.002S 221 0.0033 221 0.0737 

22 1.196 0.0028 .. 265 0.0038 1.223 0.0840 

23 ().3S6 0.0027 0.427 0.0036 0.402 0.0775 

24 1.653 0.0022 1.752 0.0026 1.692 0.0753 

25 5.791 0.0056 6.420 0.0066 6.037 0.3405 

26 19.360 0.0729 19.438 0.1008 19.390 2.0426 

27 241 0.0023 : 296 0.0029 1 262 0.0682 

28 1.748 0.0035 1.823 0.0052 1.778 0.1088 

29 1.204 0.0025 1.236 0.0029 1.216 0.0680 

30 2.468 0.0019 2.581 0.0035 2.512 0.0828 

31 3.094 0.0028 3.208 0.0035 3.139 0.0938 

,32 1.941 0.0026 2.006 0.0039 1.967 0.0814 

33 1.086 0.0012 1.105 0.0029 1.093 0.0476 

34 1.313 0.0049 1.321 0.0060 1.316 0.1311 

35 0.782 0.0018 0.786 0.0025 0.784 0.0508 

36 5.307 0.0197 5.348 0.0247 5.323 0.5307 

37 2.552 0.0050 2.75i 0.0120 2.630 0.2157 

38 0.302 0.0011 0.273 0.0017 0.291 0.0360 

39 2.776 0.0127 2.848 0.0157 2.804 0.3422 

40 1.028 0.0056 0.954 0.0077 0.999 0.1609 

41 0.781 C.0054 0.967 0.0055 0.854 0.1633 

42 1.977 0.0035 2.096 0.0023 2.024 0.0984 

43 0.657 0.0029 0.663 0.0043 0.659 0.0835 

44 1.097 0.0032 1.204 0.0040 1.139 0.1007 
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2 -1.703572 -0.04302 25 0.39747 

3 .0.5321126 0.02851 46 0.33634 

4 0.3717739 0.02595 51 0.28480 

5 0.5344067 0.07833 6 0.27139 

6 3.595537 0.26652 49 0.23174 

7 0.3461549 0.01251 54 0.22096 

8 0.9489423 0.02204 1 0.22086 

9 -0.03228633 -0.06330 45 0.21946 

10 -0.002033616 -0.00964 55 0.20830 

11 0.005976942 0.02663 47 0.18628 

12 -0.06439338 -0.11092 30 0.16939 

13 0.009580180 0.02717 52 0.16542 

14 -0.01872391 -0.07212 5 0.15842 
: i"' : T . . S , , 

. .. . . . 

E'N')
 



27 

"5 J,, .753773 24 : 5745 

.._ '1" : ',3 4'2 3975 

. ),7 c4L4*'0 279 3944 

. u,',415637 ,-233 4 ;62 

4 1) 49772 ,- 0205) 41 " 2764 

20 -0.1489012 -0.00979 17 - 11 601 

21 -1361788 -0.10033 44 0 11495 

22 03238104 0.02491 37 '3.09588 

I',347601 :3 0 50260, 394 

24 '302947 1)7577 22 :.05337 

25 2.440815 0.35866 30 0.08189 

26 -0.03021339 -0.06173 38 -0.08171 

27 0.8349808 0.05237 27 0.08137 

28 -0.1195768 -0.01226 32 0.08006 

29 -0.3859466 -0.02554 12 -0.07620 

30 0.6083928 0.03760 7 0.07586 
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FLORAL BIOLOGY AND TIlE FORAGING BEHAVIOUR OF APIS CERAXA 

F ON LETTUCE CROPS AND ITS IMPACT ON SEED 
PRODUCTION 

UMA PRATAP AND L. R. VERNIA 

ItilernationalCenLieJ'r Integrated Alountain Development, Kathmandu, P.O. Box 3226, Nepal 

SUMMARY 

Each lettuce plant had an average of 20 branches and each branch bote an average of 
mm in diameter75 flowering heads (capitula). Each head was bright yellow in colour and 15 

and was surrounded by a seriesf oveilapping bracts called involucre. A head contained an 

average of 20-25 florets that developed simultaneously. Floral heads opened at 0822 h in the 
The total floweringmorning remained open for about 3.13 b ,tnd then closed at 1135h. 

period of the crop laited for one m'ontb, i.e., mid-June to inid.July. 
90146 h aod kept on foraging until the headBees started foraging on lettuce heads at 

was observd between 0900-1100 h. Each bee spentremained open. Peak loraging activity 
on the Rower, visited 10 flowers per minute, and collectedan average time of 3.81 seconds 

a pollen load of 8 ing during a single foraging trip. The duration of each foraging trip was 

15.66 minutes. 
by 31.8 and 21.05 per cent andBee pollination increased the number of seeds per frui 

seed weight by 16.03 and 9.22 per cent respectively compared to control and open-pollinated 
by 23.88 and 11.26 and seed germinaplants respectively. The length of the seed increased 

control and open pollinated plants respectively.tion by 20.0' and 12.83 per cent compared t 


Seeds from the bce-pollinated plants showed resistance to tungal attack.
 

INTRODUCTION 

Lettuce (Lacluca sativa) is grown for its succulent leaves which are used for salad 

and as a vegetable. Lettuce flowers are usually considered as self-pollinated (Watu 9; 

Thompson et at. 6). There is no evidence in literature that lettuce flowers secrete 

any nectar (McGregor, 4). however, it is a good pollen plant and bees collect pollen 

from it (Thompson, 5). 
The structure of the lettuce flower encourages self-pollination (McGreogor, 4) 

and the plants are self-compatible. Cross-pollination has also been observed however, 

(Thompson it al., 6; Watts, 9). Cross.pollinalion of its flowers by wind is not possible 

because of the heavy and sticky nature of the pollen, and it is brought about by insect 

visit lettuce flowers for their pollen. Jones (3) concluded that
pollinators which 

of pollen to the stigma within thepollinating insects contribute to the effective transfer 

flower and most likely between the flowers also. 
no work has been carried out on the pollinalion requirements ofPractically 

lettuce crops under the agroccological conditions of the Indian sub.continent. In the 

of floral biology and the foraging behaviour ofpresent investigation, detailed study 
the Asian hive bee, Apis cerana, has been carried out itij order to assess the suitability 

of the native bee species as a pollinator of lettuce crops. 
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AND THE FORAGING BEHAVIOURFLORAL BIOLOGY 

METHODSMATERIALS AND 

flowers (Lacluca saliva var. 
The foraging behaviour of A.pis cerana on letiuce 

-MG/FAQ Vegetable Seed Production Farm at Khumaltar 
allanla) was studied at the 

under standard agronomicThe wasin the Kathmandu valley. crop raised 

practices. 
the floral biology of the vegetable crops %wererecorded for the 

Observations on 
and closing of flowers, size of buds and 

number of flowers per branch, time of opening 
of the crop.flowers, and total blooming period 

recorded for the daily time of initiation 
Observations on foraging behaviour were 

bee's choice of
duration of foraging activities individual

and cessation of foraging, 
of pollen load carried by a bee at different 	 hours of 

nectar and pollen, weight 
of flowers visited per minute. 

the day, time spent on the flower and the number 

For other logistics of foraging behaviour studies, the methods given by Verma and Dulta 

(8) were followed. 
order to estimate the impact of bee 

Three sets of experiments were performed in 

pollination on seed production: 

I. Control (no insect pollinators) 

2. Open-pollinated (only natural insect pollinators) 

3. 	 Bee-pollinated. 
plants with an almost equal

For control ten branches (one branch each of ten 
were covered with muslin bags so 

number of flowers/buds of almost the same age) 
bag to pollinate flowers. For open

that no insect pollinator could enter into the 
were made under natural conditions under which 

pollinated flowers observations For 
and other natural insect pollinators could visit the flowers freely.

honeybees 
were covered with a pollination cage which 

honeybee-pollinated flowers, 75 plants 

was 15 m long, 3 m wide, and 2-2-5 m high. When about 10 per cent of the crop 

I frames covered with bees 
was in bloom, a medium sized colony of Apis cerana with 

The bees were kept inside that pollination cage 
was placed in that pollination cage. 


until the end of the flowering period.
 
After the crop was ripe. 10 branches each from bagged, open-pollinated, and 

of fruits were collected/
bee-pollinated plants containing almost an equal number 

seeds due to bee pollination
Changes in the quality and quantity of theharvested. 

were assessed in terms of increase in the number of fruits per branch or per plant (fruit 

set); number of seeds per fruit; weight of 100 seeds, and per cent germination. 

Data were analysed statistically using student's 't' test. 

RESULTS 

lettuce plant have been summarised
Observations on the floral biology of the 

1 *which shows that a lettuce plant had 20 (15-25) 	 branches and each branch 
in Table 
bore an average number of 75 (15-175) yellow flowering heads (capitula). Each head 

of overlapping bracts
in diameter and was surrounded by a series 

was about 15 mm 
called the involucre. It contained an average number of 22 (20-25) small sessile flowers 

had one celled ovary
GaCjaed 'florets' that developed simultaneously. Each floret 

L.COP"Y-T , 
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with the style longer than the stamcn and a bird stigma; five stamens with syngeniceous
 
anthers; and five toothcd bright yellow Coloured pelals. The calyx was represented by
 
a pappus.
 

Table 1. Floral Biology of Lettues in the Kathmandu Valley, Nepal 

Parameter 	 Mean Range of Vatiation 

No. of flowers* per branch 75 15-175
 

No. of flowers* per plant 1,530 1,00'-2,300
 

Time of flower* opening 0822 0800-0900
 

**Time of flower *closing 1135 	 1 IL0-2a0 

Diameter Capitulumlhead(mm) 15 12-16
 

Length of bud(mm) 7 6.9
 

Total flowering period one month (mid-June to mid-joly)
 

* 	 In lettuce,, small owers (florets) cluster in the form of a head (or capitulum) surrounded by an
 
involucre of bracts. Each head contains 20-25 flowers which open simultaneously. Data presented
 
in this table are for flowering head/capitula and not for flarets. 

** On a cloudy day, flowers remain open for a long time. 

The flowering heads (capiluta) opened at 0822 h in the morning (i.e., between 
0800-0900 h) and closed at 1135 h (i.e., between 1100. 1200 h) depending upon weather 
conditions, and thus remained open for 3.13 h only. The total flowering period of 
the crop lasted for about one month (i.e., mid-June to mid-July). 

Table 2 shows the foraging behaviour of honeybees on lettuce flowers. The 

Table 2. ForagingBehaviour of Apis ceranaon Lettuce Plants in the Kathmandu Valley,
 
Nepal Values are mean S.F.
 

Parameter Mean Value
 

Initiation of foraging (time of day) 0830±0.05
 

Cessatinn of foragiog (time ofday) 1130±0.05
 

Duration of foraging activity (h) 3.00±0.05
 

Peak foraging hours (time of day) 0900--1100
 

Duration of foraging trip (min) 15.66 4-0.04
 

Time of flower (see) 3.84+0.02
 

Time taken to shift from flower to flower (sec) 2.69+0.07
 

Distance covered from flower to flower (cm) 9.86+2.01
 

No. of flowers visited per min 10.0±1.0
 

Pollen load (mg) 8.0+01 

Number of Bees per Plant 4±_+1 

S",ST A"/ 	 "A 

http:9.86+2.01
http:2.69+0.07
http:3.84+0.02
http:3.00�0.05
http:1130�0.05
http:0830�0.05
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FLORAL 

bees started foraging on lettuce soon after the flowering heads were open i.e., at 0830± 
heads were closed,0.05 	h and ceased their foraging activities only when flowering 

observed between 0900-1100 1h. The 
i.e., at 1130±0.05 h. Peak foraging activity was 

Each bee spent an 
average duration of each foraging trip was 15.u6±0.04 minutes. 


average time of 3.84±0.02 sec on a flower, collected 8.0±0.1 mg of pollen, and visited
 

Number of bees per plant was 4.0±1.0. Bees collected 
10.0± 1.0 flowers per minute. 

only pollen because the plant secreted no nectar. 

Qualitative and quantitative effects of Apis cerana pollination are presented in 

This table shows that bee pollination significantly increased the number of 
Table 3. 

21.05 per cent compared to control and open pollinated
seeds per fruit by 31.8 and 

cent
Seed weights increased due to bee pollination by 	 16.03 per

plants respectively. 
per cent compared to open.pollinated plants. 	 Bee 

compared to control and 9.22 
11.26 per cent compared to 

pollination also increased the seed length by 23.88 and 
of seeds was 

control and open-pollinated plants respectively. The germination 

by 20 and and 12.83 per cent compared to control and open-pollinated
enhanced 
plants respectively. Moreover seeds from bee.pollinated plants showed resistance to 

fungal attack. 

Table 3. Qualitative and Quantitativs Effects of Apis rerana Pollinationon Lettuce Seeds 

Values are mean 4- S.F. 

% Increasel % Incteasel
Control Open Bce 

Pollinated Pollinated
Pararnetcr 

No. of Seeds 15.70±0.63 17.10+ .30 20.70±0.75 31.80*0 21.05* 

per Fruit 

100 Seed 109.57±0.46 110.41+0.39 127.14±0.85 16.03'* 9.22'* 

Weight (rag) 

Length of 3.35±0.10 3.73±0.09 4.15±0.10 21.88*0 11.26* 

seed (mm) 

Percent 76.66 83.83 96.66 20.00 12.83 

Germination 

Resistance to 
Fungal Attack 

Susceptible 
(6 out of 25 
seeds were 

Les resistant 
(2out of 25 
seeds were 

More 
Resistant (no 
seeds waa 

attacked by 
fungus) 

attacked by 
fungus) 

attacked by 
fungus) 

• =- Significant (P - 0.05) 

Significant (P - 0.01)
 

I, , Increase compared to control
 

2. Increase compared to open-pollinated 
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DISCUSSIONS 

The floral biology of the lettuce (Lactuce saliva) is similar to that described earlier 

This plant flowers during June-July when many other 
by 	McGregor (4) and Free (2). 

* yellow flovers of this plant
wild and cultivated plants are also in bloom, yet the brig 

Apis cerana workers su-gesting that it is quite attrartive to
attracted a goodly number of 

bees and a good source of pollen. However, this plant did not produce any nectar 

(McGregor, 4). 
suggested that inititation,Observations on the foraging behaviour (rable 2) 

cessation, and the peak hours of foraging activity of Apis cerana depend upon the time 

and the duration of its remaining open, whichof 	the flowerof 	opening and closing 
relative humidity, and

in turn depend upon environnental fact )rs such as temperature, 

soon after the flowers opened and ceased their
sunlight. Bees start.d foragin; 

flowers closed, and they collected sizeable amounts
foraging activities only when the 
of pollen. 

The lettuce flower is usually self-pollinated but cross.pollination has also been 

The present results agree with these observa
observed (Thompson et al. 6; Watts 91. 

tions because some seed set was observed even in the control/bagged plants also. Bee 

seed set, size and weight but the seeds produced
pollinated flowers not only enhanced 

to 	 fungal
from such flowers showed a higher germination percentage add resistance 

attack.
 

Thus it is not only the self-sterile varieties/cultivars which require cross-pollina

more and better quality
tion, but also the self-fertile forms which would also produce 

honeybees and other natural insect pollinators. This enhance
seeds if pollinated by 


be because of heterosis (Verma, 7: Dulta
 
meni in the yield and quality of seed might 

and Verma, 1). 
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POTENTIALS OF APIS CERANA AS POLLINATOR
 

FOR INCREASING GLOBAL FOOD PRODUCTION
 

L.R. Verma 

International Centre for Integrated Mountain 
P.O. Box 3226, Kathmandu, Nepal

Development (ICIMOD) 

Introduction 

of agriculture in 21st century will 
The sustainable development 

necessitate a reorientation of the present crop production technologies.
 

of chemical fertilizers, biocides,
Instead of making substantial use 

a shift 
irrigation facilities and heavy machinery for yield enhancement, 

towards biologically based agriculture will become necessary to increase 

Emphasis in future should be on the full utilization of 
food productivity. friendly. Oneare environmentally more
underutilized resources which 
such resource which is the concern of this paper is an increase in the yield
 

of different cultivated crops through cross-pollination by honeybees.
 

The vital role honeybees play in enhancing the productivity levels of
 

as fruits and nuts, vegetables and pulses, oil and
 
different crops such 
forage crops has often been underestimated especially in developing 

Most of the research work on crop pollination
countries all over the world. 

has been carried out in developed countries where European honey bee,
 

Apis mellifera has been extensively utilized to increase the yield of
 

different cultivated crops. The non-consumptive benefits of increasing
 

crop yields through cross-pollination by honeybees are difficult to quantify
 

yet these far outweigh direct values of the social insects as producers of
 

The value of bee pollination in crop

honey and other hive products. 

per year
production in U.S.A. has been estimated at US $ 20 billions 

(USDA-ARS, 1991). A recent FAO report indicates that direct contribution
 

of pollinators to farm harvests in 20 mediterranean countries reached US$
 

5.2 billions a year: 3.2 billions for developing countries in the region and
 

2 billions for the others. These estimates suggest that there is a need to
 

create awareness amongst the policy makers, planners, and aid agencies
 
an important component of 

about promoting bees and bee keeping as 


present day strategies for sustainable agriculture and integrated rural
 

2 Sr AVA1iL. ), " development programmes. 



Genetic Diversity of Apis cerana In India 

Amongst the different species of honeybees found in India, Apis cerana 
is equivalent of European honeybee Apis mellifera. Both these species 
build parallel combs and can be domesticated. The genetic diversity of 
Apis mellifera has been organised into 24 sub-species having varied 
economic usefulness. These sub-species are adapted to wide range of 
ecological conditions and occur at latitudes ranging from 00 (equator) to 
500 N and 300 S (Verma, 1991). 

Our research group in ICIMOD has successfully identified and recognized 
three sub-species of Apis cerana, although there may be several more 
because of its wide geographic distribution. These sub-species, Apis 
cerana cerana, Apis cerana himalaya and Apis cerana indica correspond 
to ;he geographic distribution in north-west, north-east Himalayas and 
South India respectively (Verma, 1992a). 

Apis cerana has many valuable characteristics of biological and economic 
importance which make it in some ways more desirable as a domesticated 
hive bee. These include their low stinging tendency, their ability to protect 
the nests from attacks of wasps and their high level of resistance to 
nosema disease and parasitic mites that plague Apis mellifera. Apis 
cerana can co- exist with other native bee species and little or no drug 
treatment of colonies is required to control epidemics. In contrast, Apis 
mellifera bee keeping in Asian region requires expensive treatments 
against diseases and mites (Verma, 1992d). 

However beekeeping with Apis cerana has certain constraints because of 
several of its inherent behavioural characteristics. These include frequent 
swarming and absconding, proneness to robbing nectar, production of 
large number of laying workers and lower honey yields per colony (Verma, 
1992b). These behavioural traits vary from one sub-species to another. 
For example, Apis cerana native to high altitudes of north-west 
Himalayas, is a superior genotype as far as commercial production goes 
and can be genetically improved further by selection and breeding. 

Exotic Apis mellifera: Problems and Prospects 

There is a current movement in Asia including India to import European 
hive bee, Apis melifera for bommercial exploitation. As a result of 
continuous research efforts in the area of genetic diversity, selective 
breeding and improved management practices, Apis mellifera produces 
three times more honey than Apis cerana. Further, colonies of Apis 
mellifera unlike that of Apis cerana maintain prolific queens, and exhibit 
less swarming and absconding tendencies. However, many imports of 
exotic Apis mellifera to Asia have proved disastrous. When kept 
sympatrically, Apis cerana and Apis mellifera frequently rob each other. 
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Attempts to obtain intermating between these two species have been 
useful. A new and serious problem is parasitic mite infestation of Apis 
mellifera with no serious damage to native Apis cerana. There is now 
apprehension that import of Apis mellifera will lead to the decline of Apis 
cerana population in its native habitat to a level that threatens its 
existence as valuable genetic resource. In Japan and China, exotic Apis 

cerana.mellifera has now largely replaced native Apis Other Asian 
countries such as Pakistan and India are now following this trend (Verma, 
1992c). 

Comparative foraging behaviour of Apis cerana and Apis mellifera 
on apple bloom. 

Introduction of Apis mellifera has put the beekeeping industry in Asia in a 
dilemma. In order to resolve such dlemma, it is important to study the 
comparative biology, behaviour and management of Apis cerana and Apis 
mellifera under co-geographic conditions of this region. Such 
interspecific information can be of great practical value to both bee 
keepers and bee scientists. Keeping this inview, our research group has 
made detailed investigations on foraging behaviour of Apis cerana and 
Apis mellifera on apple bloom in Himachal Pradesh and results of these 
investigations are summarized below. 

Worker bees of Apis cerana started foraging significantly earlier (p<0.01) 
and ceased later (p<0.01) than did Apis mellifera. Average duration of 
foraging activity in Apis cerana (13.10 hours) was significantly more than 
in Apis mellifera (12.28 hours). The duration of foraging trips was 
significantly longer (p<0.01) for Apis mellifera than fur Apis cerana. In 
Apis cerana, pollen ard nectar collectors were not found, whereas, in Apis 
mellifera, the percentage of such forager bees varied from 6 to 11 per 
cent. In both species, nectar colleuors outnumbered pollen collectors 
(Verma and Dulta 1986). 

Hourly fluctuations in the number of bees leaving the hive showed that the 
peak activity of Apis cerana was between 0900 and 1130 h (mean 132 
bees/5 minutes) at temperature from 15.5 to 21.00C and that of Apis 
mellifera was between 1100 and 1300 h (mean 118 bees/5 minutes) when 
the temperature ranged from 21- 25 'C during the months of March-April 
in Shimla hills. The interspecific difference is remarkable from the 
pollination point of view because by keeping both species of honey bees 
in the same orchard, the duration of peak period of foraging activity can 
be prolonged to ensure better pollination. 

However, there were no significant differences between Apis cerana and 
Apis mellifera with regard to the number of stigma contacted per minute, 
time spent per flower, their visits to apple trees in the same or different 
rows in the orchard, number of flowers visited per apple tree, number of 



apple trees visited per foraging trip, and the ratio of top-and side-working 

bees on apple bloom throughout the day. Results on foraging behaviour 

of Apis cerana and Apis mellifera at three different altitudes; 1350, 1857 

and 2400 meters amsl, showed that initiation of foraging activity was 

and its cessation advanced with increasing altitude. In bothdelayed 
species duration of each foraging trip increased with increase in altitude 

of the orchard. Altitude had no significant effect (p>0.05) on other 

parameters such as bees preference for pollen, or nectar, or both during 

a visit, peak hours of foraging activity, pollen load, number of stigmas 

contacted per visit, and time spent per flower. 

Foraging efficiency and flight range in honeybees depend upon the 

number and diameter of the flight muscle fibers and their fuel content. 

Our investigations (Dulta and Verma 1987) revealed that the number of 

fibers in dorsolongitudinal, dorsolateral, dorsoventral, pleurosternal, and 

intersegmental muscles of Apis mellifera were significantly greater than 

in Apis cerana (p<0.05). Similarly, diameter of flight muscle of Apis 
than of Apis cerana. Fuelmellifera was significantly greater (p<0.05) 


content in terms of glycogen, total lipids, and associated enzyme systems
 

were greater in Apis mellifera than in Apis cerana (Dulta and Verma 1989).
 

Morphometric analysis show that Apis mellifera is bigger than Apis cerana
 

and the flight range of Apis mellifera is double that of Apis cerana. Thus,
 

characteristics of flight muscles and their fuel content correspond to body
 

size and also appear to be related to flight range and foraging efficiency.
 

In India, the Himachal Pradesh State Horticulture Department and a few
 

private beekeepers rent Apis cerana and Apis mellifera colonies to the
 

fruit growers at the time of apple bloom for pollination. Generally, at the 

onset of winter season (November - December), colonies of both Apis 

cerana and Apis mellifera are taken from the temperate hilly region to the 
- rearing usually starts in the first orsub-tropical plain area. There, brood 

second week of February. By mid-March, colony strength reaches its 

maximum and this is the time when flowering in apple orchards starts. 

Colonies are transported in trucks directly to the apple growing belt of the 

state and distributed to the fruit growers. Although the number of colonies 

distributed for pollination is small, given the large area of land under fruit 
are now aware of thecultivation in Himachal Pradesh, apple growers 

important role honeybees.play in apple pollination. As a result of this 

practice by the State Horticulture Department, many fruit-growers now 
colonies of bees for the purpose of pollination andmaintain their own 

honey production (Verma, 1991). 

Advantages of Apis cerana over Apis mellifera as Crop Pollinator 

Based on the above observations on foraging behaviour and also data 

obtained by other investigators, it could be argued that Apis cerana may 

be preferred over Apis mellifera for the pollination of agricultural crops. 
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Apis cerana begins foraging (pollination) activities at a lower temperature 
(3-50C cooler) than Apis mellifera. Further, peak foraging activity of Apis 
cerana occurs at temperature 5.60C cooler than Apis mellifera. Thus,
Apis cerana could .be used for crops blooming in early spring and at
latitudes at least as far north 'or south) where Apis melfifera is used. 
The flight range of Apis cerana is less than half of Apis mellifera. This is 
of particular interest from point of view of pollination of small plots of 
specific crops. An Apis cerana hive can be placed in the vicinity of a
specific crop as it would restrict to pollinating that crop and does not 
wander or escape. 
The average daily duration of foraging activity of Apis cerana is longer
than that of Apis mellifera. This is because of their early initiation and late
cessation of foraging activity. Apis cerana may thus ensure adequate
pollination of the crop in bloom in less period of time particularly during
adverse weather conditions (monsoon or frostily spring seasons) when 
honeybee activity becomes severely limited. 
As a result of loss of habitat due to severe deforestation ,nd rapid
agricultural transformation, both food sources (nectar and pollen) as well 
as nesting sites are increasingly becoming a limiting factor throughout the 
range of Apis cerana. Introduction of the exotic honeybee, Apis mellifera 
will accentuate these limitations because it would compete for both the
food and physical (resting space) resources. This will eventually lead to
reduction in population of native pollinators or maintain them at much 
lower levels than if this exotic honeybee species were not present. The 
deleterious effects of such competition are more particularly likely
between Apis me/lifera and A. cerana as both of them occupy the same 
ecological niche and are also more closely related to each other in habits,

constitution and structure. Further, since Apis mellifera 
 is more
aggressive and prolific than Apis cerana, according to competitive
exclusion principle of Hardin (1960), it could be expected that this exotic
 
honeybee species will completely displace Apis cerana.
 
A large number of fruit, vegetable oil seed and other crops have evolved
 
in association with Apis cerana or other native pollinators. It is likely that
 
these plants have developed symbiotic relationship with the pollinators.

Exotic Apis mellifera may disturb such co-existence and inefficiently

pollinate native crop plants reducing their reproductive success.
 

Beekeeping with Apis mellifera in comparison to Apis cerana requires

high cost technology which the small and marginal farmers in developing

countries of Asia cannot afford. Apis mellifera also requires chemical
 
treatment of colonies to control epidemics which is undesirable both from
 
economic and environmental health point of view.
 
Beekeeping with Apis cerana is a centuries old traditional occupation

which forms an integral part of cultural and natural heritage of rural
 



communities in Asia. Such an environmentally friendly occupation/craft 

may die through the introduction of exotic Apis mellifera. 

Apis cerana "A Potential Crop Pollinator for Global Commercial 

Development 

Apis cerana could potentially be of great importance to beekeeping and 
New technologies in molecular biologypollination even outside its range. 

will oresent opportunities to introduce genes that ccde for desirable 

characteristics of Apis cerana into population of Apis mellifera and 

vice-versa. However, introduction of Apis cerana outside its native range 

for global commercial development would require following testing and 

monitoring. 
sub-species/geographic- identification of commercially valuable 

ecctypes of Apis cerana in its native habitat; 

- Selection and testing of the stock on off-shore islands; 

Zonation of areas for Apis cerana and Apis mellifera beekeeping. Such-
zonation would solve the problem of inter- species competition. 
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Many vegetable crops are completely 	or partially self-incompatible and 

so the cross-pollination of theirincapable of pollinating themselves, 
flowers by insects, especially honeybees, is very essential (Verma, 1990). 

Cauliflowers, cabbages, radishes and lettuces are some of the important 

vegetable crops grown in the Kathmandu Valley of Nepal. We carried out 

detailed investigations on the utilisation of the native Asian hive bee, Apis 

yield and quality of seed production in these cerana, to enhance the 

crops.
 

Plants of these vegetable crops, i.e. cauliflowers (Brassica oleracea var.
 

botrytis sub-var Kathmandu Local); cabbages (Brassica oleracea var.
 

capitata sub-var Pride of India); radishes (Raphanus sativus var. Mino
 
raised on the experimentalEarly), and lettuces (Lactuca sativa) 	were 

HMG/FAO Vegetable Seed Production Farm, Khumaltar,plots, of the 
Kathmandu, Nepal, during different times of the year. Three treatments 

were imposed on each crop when it started blooming, namely (1) Control 

(no insect pollinators), (2) Open-Pollinated (only natural insect 

pollinators), and (3) Bee-pollinated. 

For control, ton branches (one each from ten plants with an almost equal 
same age) were covered withnumber of flowers/buds of almost the 

tomuslin bags so that no insect pollinator could enter pollinate the 

flowers; for honeybee-pollination, about 100 plants were covered with a 

pollination cage and a colony of Apis cerana, with 7 frames covered with 

bees, was placed in'the-cage when about 5-10 per cent of the crop was 

in bloom. Observations on the foraging behaviour were recorded at 0900, 

1200 and 1500 h each day. To differentiate between pollen and nectar 

collectors, the method of Erickson et al.,(1 973) was followed; the weight 

of pollen loads were determined by anaesthetising the bees returning with 

pollen loads with carbon dioxide (Frisch, 1967) and then removing their 

pollen loads and weighing them. Changes in the quality and quantity of 

the seeds as a result of bee-pollination were assessed in terms of 

in fruit set, number of seeds per fruit, and increase in seedincrease 
weight. 
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Cauliflower 
Apis cerana started foraging at 0700 h and ceased activities at 1805 h. 
The total duration of foraging activity was 11.03 hour and pea, foraging
activity occurred between 1000-1300 h.The duration of each foraging trip 
was 26.8 minutes. Each worker bee spent an average of 5.6 seconds on 
the flower, visited 6-8 flowers per trip, and the number of bees per plant
varied from 4-9. At 0900 h, pollen collectors (P) outnumbered nectar (N)
collectors; this ratio was equal at 1200 h but at 1500 h nectar collectors 
outnumbered pollen collectors. Apis cerana collected either pollen or 
nectar but not both during the same foraging trip. Bee pollination 
significantly increased fruit set by 57 and 20 per cent compared to control 
and open-pollinated plants. Similarly, the number of seeds per siliqua
increased by 85 and 25 per cent compared to control and open-pollinated
plants respectively. Apis cerana pollination also resulted in an increase in 
the seed weight (by 38.6 and 27.2 per cent) and enhanced seed 
germination (by 16 and 12 per cent compared to control and open 
pollinated plan's respectively). 

Cabbage 
Worker bees of A. cerana began foraging at 0630 h and ceased their 
activities at 1835 h; thus, the total duration of foraging activity was 12.05 
hour. Peak foraging activity was observed between 1000-1300 h and 
duration of each foraging trip was 23.8 min. Each bee made an average
of 10 foraging trips per day. A. cerana worker collected either pollen or 
nectar but never both during the same foraging tip. During morning hours 
pollen collectors outnumbered nectar collectors (P:N = 6:4). This ratio was 
equal at 1200 h (P:N = 5:5) and at 1500 h nectar collectors outnumbered 
pollen collectors (P:N = 4:6). Each worker bee spent 4-7 seconds on the 
flower and collected 8-10 mg of pollen. Bee pollination resulted in an 
increase in fruit and seed set by 27 and 32 per cent respectively
compared to open pollinated plants. Control plants did not set any fruit,
indicating that the crops are self-incompatible. Bee-pollination
significantly increased the weight of the seeds by 33.8 per cent and 
germination by 28 per cent compared to open-pollinated plants. 

Radish 
A. cerana worker bees started foraging at 0840 h and ceased activity at 
1830 h; thus the total duration of foraging activity was 9.5 hour per day.
Peak foraging activity was observed between 1100-1300 h. Each bee 
made an average of nine trips in a day and the duration of each foraging
trip was 22.1 minutes. A bee spent 4-12 seconds on a flower and carried 
7-11 mg of pollens. Most of the bees collected either pollen or nectar, but 
a few bees (4%during the morning and 7% at noon) collected both pollen 
as well as nectar during the same foraging trip. Pollen collectors 
outnumbered nectar collectors at 0900 h (PN = 6:4), the ratio was equal
(P:N = 5:5) at noon and in the afternoon, at 1500 h nectar collectors 
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= 3:7). Bee pollination significantlyoutnumbered pollen collectors (P:N 
to open-pollinated plants.enhanced 	fruit set by 23 per cent compared 

of seeds per
Bee-poliination also significantly increased the number 

siliqua (by 28.6 per cent) and seed weight (by 30.8 per cent) compared to 

open- pollinated plants. Control branches did not set any fruit, indicating 

that the crop was self-incompatible. Bee-pollination enhanced seed 

germination by 32 per cent. 

Lettuce 
lettuce soon after the flowering head was

The bees 	started foraging on 
at 0830 h and ceased their activities only when the flowering

open, i.e. 
heads were closed, i.e. at 1130 h. Peak foraging activity was observed 

between 0900-1100 h and the average duration of each foraging trip was 
on a flower,15.6 minutes. Each bee spent an average of 3.84 sec 

collected 8 mg of pollen and visited 13 flowers per minute. The number of 

bees per plant was 4. The bees collected only pollen because the plant 

did not secrete nectar. 
Bee pollination significantly increased the number of seeds per capitulum 

(flowering head) by 31.8 and 21.05 per cent compared .Jo control and 

open-pollinated plants respectively. Seed weight increased by 16.0 per 

cent due to bee- pollination, compared to control, and by 9.2 per cent 

compared to open-pollinated plants. Seed length increased by 23.8 and 

11.2 per cent and breadth by 13.2 and 3.2 per cent respectively over that 

of control and open-pollinated plants. Finally, germination of seeds was 

enhanced by 20 and 12.8 per cent in bee pollinated plants compared to 

open- pollinated plants respectively. Seeds from bee
control and 

pollinated plants also showed resistance to fungal attack.
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Summary 

Floral biology and the foraging behaviour of Apis cerana on cauliflowers and cabbages have been studied. 

Each cauliflower and cabbage plant had an average of 7 and 12 branches, and each branch bore an 

average of 600 and 94 flowers respectively. Each yellow flower of cauliflower and cabbage was 14-1mm 

in diameter and each bud about 8-9 mm long. The flowers of both these crops opened in the morning and 

remained open for two to three days; and the total flowering period of each crop lasted for about one 

month. 

Foraging behaviour data reveal that Apis cerana worker bees started foraging on cauliflowers and 

cabbages at 0702 and 0630 h in the morning and ceased their activities at 1805 and 1835 h in the evening 

was 11.03 h and on cabbagesrespectively. Thus tie total duration of foraging activity on cauliflowers 

12.05 h. Peak foraging activity was observed between 1000-1300 h in the case of both cauliflowers and 

cabbagesand the duration of each foraging trip was 26.87 and 23.87 min for cauliflowers and cabbages 

respectively. Each worker bee spent an average time of 5-16 and 4-7 seconds on a flower and visited an 

average of 6-7 and 5-7 flowers per minute of cauliflowers and cabbages respectively during different 

hours of the day, i.e., at 900, 1200, and 1500 h. Bees either collected pollen or nectar but never both 

during the same foraging trip from both the crops. During morning hours, pollen collectors outnumbered 

at noon, and, in the afternoon hours, nectar collectorsnectar collectors, the P:N ratio was equal 

outnumbered pollen collectors in the case of both crops. Each bee collected a pollen load of 5-9 mg per 

trip from cauliflowers and 8-10 mg per trip from cabbages, during different hours of the day. 

The qualitative and quantitative effects of Apis cerana pollination on cauliflowers and cabbages reveal 

that bee pollination significantly increases the fruit set by 57 and 20 per cent respectively compared to 

control and open-pollinated cauliflower plants and by 27 per cent in the case of cabbages. Incabbages, 

control plants had no fi'it set. Siliqua from control, open-and bee-pollirated cauliflower plants had 3, 

15, and 20 seeds wireas, from open and bee-pollinated cabbage plants, each siliqua contained 18.5 and 

28.3 seeds respectively. Bee jyjilination increased seed germination by 16 and 12 per cent compared to 

control and open-pollinated t.iuliflower plants and by 28 per cent compared to open-pollinated cabbage 

plants. 



Introduction 

Beekeeping with the Asian hive bee (Apis cerana) is acenturies' old traditional occupation which isan 

integral part of the cultural and natural heritage of rural communities in the developing countries of south 

and southeast Asia. This native bee species has been successfully domesticated, especially for the 

production of honey and beeswax. The role of the bee species as pollinators of entomophilous crops is 

little understood and often underestimated throughout its range (Verma 1990). At present when 

beekeeping with Apis mellifera is facing serious constraints because of parasitic bee mites and fiercely 

stinging Africanised bees, asearch for alternative pollinating agents isbeing intensified. In this respect, 

Apis cerana ispotentially of great economic importance to beekeeping and pollination even outside its 

range. Against this background we have made detailed investigations into the foraging behaviour of this 

bee species on commonly-grown vegetable cole crops (cauliflower and cabbage) and its impact on seed 

production in the Kathmandu Valley of Nepal. Results of this investigation may also be of practical use 

in evaluating the role of this native bee species as apollinator of cultivated crops in general. 

Material and Methods 

The foraging behaviour of Apis cerana on the flowers of cauliflower (Brassica oleracea varfloribunda 

subvar Kathmandu Local) and cabbage (Brassica oleracea var. capitata subvar Pride of India) was studied 

at the HMG/FAO Vegetable Seed Production Farm at Khumaltar in the Kathmandu Valley. These crops 

were raised under standard agronomic practices. 

Observations on the floral biology of the vegetable crops were recorded for the number of flowers per 

branch, time of opening and closing of flowers, size of buds and flowers, and total blooming period of 

the crop. ' 

Observations on foraging behaviour were recorded for the daily time of initiation and cessation of 

foraging, duration of foraging trips, peak hours of foraging activity, individual bee's choice of nectar and 

pollen, weight of pollen load carried by abee at different hours of the day, time spent on the flower, and 

the number of flowers visited per minute. For other logistics of foraging behaviour studies, methods given 

by Verma ard Dulta (1986) were followed. 

hi order to differentiate between nectar and pollen collectors, returning foragers were collected with the 

aid of an aspirator at the hive entrance and frozen to prevent regurgitation of nectar. The frozen bees 

were sorted out for the type of forage, following the method of Erickson et al. (1973). The worker bees 

alighting on the petals and collecting nectar without touching the stigma were considered to be side 

workers, whereas those alighting upright on thd stamens and collecting nectar/pollen were termed top 

workers. Weights of pollen loads were determined by araesthetising samples of returning bees with 

carbon dioxide (Frisch 1967), removing their pollen loads and weighing them. 
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Three sets of pollination experiments were performed for each crop in order to estimate the impact of 
bee pollination on seed production. 

(i) Control (no insect pollinators) 

(ii) Open-pollinated (only natural insect pollinators) 

(iii) Bee pollinated 

For control, branches (one branch each of ten plants with an almost equal number of flowers/buds of 
almost the same age) were covered with muslin bags so that no insect pollinator could enter the cage to 
pollinate the flowers. For open-pollinated flowers, observations were taken under natural conditions in 
which natural insect pollinators could visit the flowers freely. For h ieybee-pollinatcd flowers, 75 plants 
were covered with a pollination cage which was 15 m long and 3 m wide, and 2-2.5 m high, so that no 
insect pollinator could enter in. When about 10 per cent of the crop was in bloom, amedium-sized colony 
of Apis cerana having 7 frames covered with bees, was placed in the pollination cage. The bees were kept 
inside the pollination cage until the end of the flowering period. 

After the crop was ripe, 10 branches each from bagged, open and bee-pollinated plants containing an 
almost equal number of fruits, were collected/harvested. Changes in the quality and quantity of seeds due 
to bee-pollination were asstssed in terms of increase in the number of siliqua (fruit set) per branch or 
plant seeds per siliqua, weight of a 100 seeds, and percentage germination. 

Data were analysed statistically using the student's 't' test. 

Results 

The floral biology of the crops isgiven in Table 1. Cauliflowers and cabbages bad an average number 
of 6 to 7 and 10 to 15 branches per plant, with an average number of 600 and 94 flowers respectively 
and the average number of flowers per plant was 4,000 and 1,128 respectively. Flowering started in the 
middle of February in the cauliflower and in the middle of March in the cabbage. For both crops, the 
flowers opened in the morning hours and remained open ibr two to three day,, and the total flowering 
period lasted for about one month. 

Each yellow flower of these crops had four sepals, four yellow-coloured cruciform petals, and six 
tetradynamous stamens arranged in two whorls (four long stamens arranged in two pairs were inner in 
position, while two short stamens were outer in position). Four green dot-lik,' nectaries were present at 
the base of the outer and inner paired stamens and abicarpellary, syncarpous, superior ovaty, small style, 
and acapitate stigma. The sizes of the bud (8-9 mm long) and of the flower (14-15 mm in diameter) were 
almost the same in both crops. 
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Foraging behaviour data (Table 2) suggested that the Apis cerana worker bees started foraging on 

cauliflowers at 0702 + 0.02 h in Feb-March when the outside temperature and relative humidity were 

7"C and 99 per cent respectively. They ceased their foraging activities at 1805 ± 0.02 h when the outside 

temperature and relative humidity were 13"C and 96 per cent respectively. In the case of cabbages, 

foraging activities started at 0630 + 0.02 h when the outside temperature and relative humidity were 

12'C and 74 per cent respectively. Worker bees ceased foraging on this crop at 1835 ± 0.03 h at an 
Thus the total duration ofenvironmental temperature of 20'C and a relative humidity of 50 per cent. 

foraging activity was 11.03 + 0.03 and 12.05 + 0.05 h per day for cauliflower and cabbage crops 

foraging activity was observed between 1100-1300 h for both cauliflowers andrespectively. Peak 
cabbages (Figure 1). Worker bees spent on an average 5.83 + 0.32 and 4.33 ± 0.21 seconds at 0900 

h, 6.69 + 0.5 and 4.63 + 0.32 seconds at 1200 h and 5.14 + 0.2 and 6.69 ± 0.24 seconds at 1500 b 

on each cauliflower and cabbage flower respectively. The nu,ber of flowers visited per minute on 

cauliflowers and cabbages were 7.0 ± 0.5 and 7.0 + 0.40 at 0900 h; 6.0 ± 1.0 and 7.0 ± 050 at 1200 

h and 8.0 ± 0.50 and 5.0 ± 0.5 at 1500h respectively. The duration of foraging trips was 26.87 ± 0.81 

+ 0.42 minutes from morning until afternoon on cauliflower and cabbage crops respectively.and 23.87 

Each Apis cerana vorker bee carried a pollen load of 7.0 ± 0.5 and 8.00 ± 0.03 mg at 0900 h, 9.00 

± 0.3 and 10.00 ± 0 03 mg at 1200 h and 5.0 ± 0.5 and 8.0 ± 0.49 mg at 1500 b from cauliflower 

and cabbage flowers respectively. The ratio between pollen and nectar collectors (P:N) was 7:3 and 6:4 

at 0900 h; 5:5 and 5:5 at 1200 h; and 3:7 and 3:7 at 1500 h for cauliflowers and cabbages respectively. 

No nectar plus pollen collector was observed on either crop. The number of bees per plant was 9 and 3 

1500 h on cauliflowers and cabbages respectively.at 0900 h; 8 and 4 at 1200 h; and 4 and 3 at 

The quantitative and qualitative effects of Apis cerana pollination are given in Tables 3 and 4. These 

tables suggest that bee pollination increased the fruit set in cauliflowers by 57 and 20 per cent compared 

to control and open-pollinated plants. In cabbages the increase in fruit set due to bee pollination was 27 

per cent compared to open-pollinated plants. Control plants had no fruit set which raeans that the cabbage 

crop was self-incompatible and required cross pollination by honeybees and other natura insect 

pollinators. Bee pollination increased the number of siliqua per branch by 72.9 and 25.4 per cent 

respectively compared to control and open-pollinated plants in cauliflowers, whereas, in cabbages, the 

number of siliqua per branch was increased by 34 per cent in bee-pollinated compared to open-pollinated 

plants. 

The number of seeds per siliqua from bee-pollinated cauliflowers inc eased by 85 and 25 per cent 

respectively compared to control and open-pollinated plants. The weight of seeds increased by 38.6 and 

27.2 per cent compared to control -mid open-pollinated plants respectively. In the case of cabbages the 

number of siliqua and seed weight increased by 32.1 and 33.8 per cent respectively compared to open

pollinated plants. The germination of seeds from bee-pollinated cauliflower plants increased by 16 and 

12 per cent respectively compared to control and open-pollinated plants and, in cabbages, germination 

increased by 28 per cent as aresult of bee pollination. 
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Discussion 

The floral biology of cabbage and cauliflower cultivars studied in the present investigations issimilar to 
earlier descriptions by McGregor (1976) and Free (1970). Since cauliflowers start flowering about one 
month in advance of the end of the winter season in the Kathmandu Valley of Nepal, pollination by 
domesticated honeybees for this crop isessential, because all other natural insect pollinators are absent 
during this period. The total flowering period, extending up to one month, suggests that both these crops 
can be agood source of pollen and nectar for bees during winter time when there is a dearth of bee flora. 
The yellow flowers of both these crops were found to be quite attractive to Apis cerana, despite the fact 
that both these plants are not native to this region. 

It is interesting to note that Apis cerana started foraging at environmental temperatures as low as 7"C with 
a relative humidity of around 95 per cent. Such cold-hardiness in this native bee species offers 
comparative advantages to farmers for keeping Apis cerana for pollination purposes, especially for those 
agricultural crops which bloom in early spring when outside environmental temperatures are quite low 
and other insect pollinators are wanting. Adlakha and Dhaliwal (1979) also reported that the native, Apis 
cerana, was abetter pollinator of cauliflowers than the exotic, Apis mellifera, inIndia. Foraging activities 
started early in the morning and ceased in the late evening, enabling Apis cerana to forage and pollinate 
flowers for extended periods of time, i.e., up to 11 hours per day. 

It is interesting to note that Apis cerana collected aheavier pollen load during the noon hours. ind it may 
be because the maximum number of pollen grains was presented by these cole crops during this time of 
the day. Thus, noon temperatures (15-21"C) and relative humidity (70-90 per cent) are not only best 
suited for the peak periods of foraging activities of worker bees (Fig. 1)but also for gathering heavier 
loads of pollen. This is further evidenced by the fact that top workers (pollen collectors) outnumbered 
side workers (nectar collectors) during morning and noon hours, and after that the reverse was true. Also 
the shift in ratio for pollen and nectar collectors during different hours of the day suggests that until noon 
the polle.t collectors outnumbered nectar collectors and the reverse was true in the afternoon. This further 
supports the view that the maximum amounts of pollen and nectar are presented by these plants during 
morning and afternoon hours respectively. Earlier Free (1963); Tanda and Goyal (1979); and Jhajj and 
Goyal (1979) also observed that both Apis cerana and Apis mellifera collected pollen during the early 
hours of the day and nectar in the afternoon. In the present investigations, Apis cerana either collected 
pollen or nectar during a single foraging trip but never both. This may be because, in these cole crops, 
both nectar and pollen are not equally attractive to foragers at the same time and can be attributed to 
differential productions of these food resources at different hours of the day. Verma and Dulta (1986) 
also reported similar pollen or nectar collecting behaviour during a single foraging trip by Apis cerana 
on apple crops. For both crops, each worker bee visited 6-8 flowers per minute and, taking into 
consideration the time spent on each flower (4-6 minutes) plus time taken to shift from one flower to 
another (2-3 minutes), this average matches the actual number of flowers visited per minute. Earlier 
Kakkar (1972) also observed that Apis mellifera and Apis cerana visited 8.05 and 7.6 cauliflower flowers 
per minute respectively. 
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Data on the qualitative and quantitative effects of Apis cerana pollination showed that, in cauliflowers, 

bee pollination increased the fruit set by 57 and 20 per cent compared to control and open-pollinated 

plants respectively. It also increased the number of siliqua and the number of seeds per siliqua by 72.9 

and 85 per cent respectively, compared to control, and 25.4 and 25 per cent compared to open-pollinated 

plants respectively. Similarly. in cabbages. bee pollination increased the fruit set by 27 per cent, the 

number of siliqua per branch by 34.7 per cent, and the number of seeds per siliqua by 32.1 per cent 

compared to open-pollinated plants. Seed weight in caulitlowers increased by 38.6 and 27.2 per cent 

compared to control and open-pollinated plants respectively and in cabbages, seed weight increased by 

33.8 per cent compared to open-pollinated plants. No fruit set was observed in the cabbage control plant 

which means that the crop was self-incompatible and required pollination of its flowers by honeybees and 

other natural insect pollinators. Bee pollination increased seed germination by 16 and 12 per cent 

respectively, compared to the control and open-pollinated plants in cauliflowers, and by 28 per cent, 

compared to open-pollinated plants, in the case of cabbages. 

Our results agree with those of Verma and Joshi (1983) who reported that Apis cerana pollinated 

cauliflowers r'sulted in an increase in bud set (44 7to 74.2), number of seeds per pod (2.32 to 4.07), 

and single seed weight (0.19 to 1.17mg) in compa ison to pollination by other insects and under control 

conditions or under self-pollination. Kumar et a. (1988) and Rao et al. (1984) also showed similar results 

of seed set and seed weight in cauliflowers increasing significantly due to bee pollination. This 

improvement in the yield and quality, due to cross-pollination, may be because of the effect of heterosis 

(Verma 1992). 

Poor fruit set in bagged plants was due to self-pollination. It means that the crop had some degree ofself

compatibility. But the pollen grains transferred by self-pollination were not sufficient to fertilise all the 

ovules in the ovary, so only a few ovules were fertilised and could produce seeds. These results agree 

with the earlier observations of Watts (1963) and Haigh (1953) for cole crops. Less fruit and seed set in 

open-pollinated plants was due to inadequate pollination, because the concentration of pollinating insects 

was not sufficient in the early spring season when outside environmental temperatures were too low. 
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Table I. Comparative Floral Biology of Cauliflowers and Cabbages in the Kathmandu Valley, Nepal 

Parameter 

No. of flowers per branch 

No. of flowers per plant 

Time of flower opening 

Time of flower closing 

Diameter of flower/head
(mm) 
Length of bud (mm) 

Total flowering period 

M =Mean 

RV = Range of variation 

Cauliflower 


M 600; RV 500-700 


M 4,000, RV 3,000-5,000 


Open in the morning and 

remains open for about 2-3
 
days
 

M 15; RV 12-16 


M 9; RV 8-10 


One month (mid Feb-mid 
Mar) 

Cabbage
 

M 94; RV 84-106
 

M 1128; RV 900-1,500
 

Same as in Cauliflower
 

M 14; RV 12-15
 

M 8; RV 7-9
 

One month (mid Mar-Mid 
Apr) 



Table 2: Comparative Foraging Behaviour of Apu crrana on Cauliflower and Cabbage Plants in Kadhmandu 
Valley, Nepal 

Parameter Cauliflower 

Initiation of foraging (time of day) 0702 ± 0.02 

Ce-ation of foraging (time of day) 1805 ± 0.02 

Duration of foraging activity (h) 11.03 ± 0.03 

Peak foraging hours (time of day) 1100 - 1300 

Duration of foraging trip (mn) 26.87 ± 0.81 

Time on flower (sec) at 
0900 h 5.83 ± 0.3 
1200 h 6.69 ± 0.5 
1500 h 5.14 ± 0.2 

Time taken to shift from flower to flower (sec) at 
0900 h 2.51 ± 0.1 
1200 h 3.35 ± 0.3 
1500 h 2.15 ± 0.1 

Distance covered from flower to flower (cm) at 
0900 h 9.43 ± 2.0 
1200 h 9.25 + 1.1 
1500 h 9.04 ± 1.5 

No. of flowers visited per min at 
0900 h 7.0± 0.5 
1200 h 6.0± 1.0 
1500 h 8.0 ± 0.5 

Pollen load (mg) at 
0900 h 7.0 ± 0.5 
1200 h 9.0 + 0.3 
1500 h 5.0 ± 0.5 

Ratio between pollen collectors and nectar collectors 
(P:N) at 

0900 h 7:3 
1200 h 5:5 
1500 h 3:7 

Top vs side workers at 
0900 h 6:4 
1200 h 5:5 
1500 h 4:6 

No. of bees per plwt at 
0900 h 9 
1200 h 8 
1500 h 4 

Non-cermna pollinators Insects such as Eriqj.j, 
stingless bees, butterflies, 
ladybird beetle, etc 

Pollen + Nectar collectors (P + N) at 
0900 h 
1700 h nill 
1500 h hill 

Values are mean ± S.E. 

Cabbage 

0630 ± 0.02 

1835 ± 0.03 

12.05 ± 0.05 

1100 ± 1300 

23.87 ± 0.42 

4.33 + 0.21 
4.63 ± 0.32 
6.90 + 0.24 

3.33 + 0.50 
3.63 + 0.30 
3.43 + 0.30 

09.80 + 2.25 
21.83 + 1.50 
22.00 ± 3.02 

7.00 + 0.40 
7.00± 0.50 
5.00 ±10.50 

08.00 ±10.03 
10.00 ± 0.01 
08.00 - 0.49 

6:4 
5:5 
4:6 

9:1 
7:3 
4:6 

3 
4 
3 

Insects such as Er lis, 
stingless bees, butterflies, 
ladybird beetle, etc 

Rillill 
nill 
Diu 



Pollination on Cauliflower 
rana 

and Qualitative Effects ofApis ce 

Quantitative
Table 3: 

Seeds 

Values are mean ± S.E. 

Parameter Control Open- Bee- Per centI Per cen 
pollinated pollinated Increase Increase 

Per cent Fruit 21.0 58.0 78.0 57.0 20.0 

Set 

No. of Siliqua 125±1.4 346.8±27.3 464.6±38.6 269.3 33.9 

er Branch 

o. of Seeds 3.3±1.4 14.8±0.6 19.8±0.5 500 33.8 

er Siliqua 

100 seed 264±7 313±8 430±12 62.9 37.4 

eight (mg) 

Per cent 80.0 84.0 96.0 16.0 12.0 
ermination 

1. Increase Compared to Control
 

2. 7ncrease Compared to Open-pollinzted 

** Significant (P = 0.01) 

* Significant (P'= 0.05) 
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Table 4: Quantitative and Qualitative Effects of Apis cerana
 
Pollination on Cabbage Seeds.
 

Values are Mean ± S.E.
 

Parameter Control 


Per cent Fruit No Fruit Set 

Set
 

o. of Siliqua 

er iOranch
 

o. of Seeds per -


Siliqua
 

100 Seed Weight 

(mg)
 

Per cent 
ermination
 

* Significant (P = 0.01) 

Open-

pollinated 


52.0 


49.0 ± 2.7 

18 ± 0.2 

278.0 ± 4.0 

56.0 

Bee- Per cent 
pollinated Increase 

79.0 27.0 

75.0 ± 2.9 53.1 

28.3 ± 0.7 52.9" 

420.0 ± 3.0 51.1 

84.0 28.0 
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ASIAN HIVE BEE (APIS CERANA) AS A POLLINATOR OF THE RADISH FLOWER
 
AND ITS IMPACT ON SEED PRODUCTION
 

LTMA PARTAP AND L.R. VERMA
 

International Centre for hitegrated Mountain Development (ICIMOD) Kathmandu, Nepal 

Abstract 

Floral biology of the radish (Raphanus sarivus var. Mino Early) and the foraging behaviour of Apis 
cerana on this crop was studied in Kathmandu valley of Nepal. A radish plant had an average of 

ten branches and that each branch bore an average of 155.2+ 18.3 flowers. Each flower was 14.1 + 1.3 
mm in diameter. 'iower, opened in the morning and remained open for two to three days. Crop 
started flowering during first week of March and the total flowering period of the crop lasted for one 
month. 

Worker bees of Apis cerana started foraging at 0640 h (26 min after sun rise) in the morning and 
ceased at 1830 h (18 min after sun set) in the evening. Thus the total duration cf foraging activity 
was 11.50 h.. Peak foraging activity was observed between 1100-1400 h-. Each worker bee of the 
Apis cerana spent 4.3, 5.3 and 12.8 sec. on each flower, visited 8.0, 9.0 and 5.0 flowers per minute 
and collected 11, 10 and 7 mg of pollen load during different times of the day, i.e.,0900 (2.46 h after 
sun rise), 1200 (5.46 h after sun rise), and 1500 h (8.46 h ater sun rise) respectively. Most of the bees 
collected either pollen or nectar, but some bees (4% during morning and 7% during noon hours) 
collected both nectar and pollen during the same foraging trip. Bee pollination enhanced pod set, 
number of seeds per pod, 100 seed weight, and germination by 23.0,42.3,44.5nd 32.0 per cent 
respectively compared to open-pollinated plants. Control plants had no pod set. 
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Introduction 

opportunity for the commercialization of agriculture. For the 
Vegetable seed production offers an 
production of good quality seeds, sufficient or adequate pollination of vegetable crops isessential. 

are colrnpletely or partially self-incompatible and incapable 
Further. many of these vegetable crops 

of pollinating themselves (Tewari and Singh 1983; Verma 1990).
 

The radish. an important vegetable and salad crop. iswidely grown. Like other vegetable crops, man%
 
cross

self-incompatible and almost entirely cross-pollinated. Therefore,
arevarieties of this crop 

pollination of its flowers through honeybee and other natural insect pollinators isof great significance 

for seed production. Radchenko (1966) stated that 77-94 per cent of the total radish pollination was 

primarily by honeybees (Apis meitifera) and that bee pollination increased the radish yield by 22 per 

cent and enhanced seed quality. However, very little work has been carried out on this crop using 

native Apis cerana in the temperate Hindu Kush-Himalayan Region. 

on floral biology. 
In order to fill in the lacunae in research on pollination ecology, field experiments 

behaviour of Apis cerana in relation to pollination, and its impact in enhancing the seed production 

of the radish crop were studied. 

Materials and Methods 

var. Mino Early) were sown on the experimental plots of 
Seeds of the radish (Raphanus sativus 

HMG/FAO Vegetable Seed Production Farm, Khumaltar, Kathmandu (27"40'N and 85"20'E) during 

1991. The seedlings were transplanted at about month old on the 
the month of September, 

one 
a row to row distance of 70-80 cm. 

experimental plots at aplant to plant distance of 50-60 cm and 

Observations on floral biology were recorded for number of flowers per branch, time of opening and 

closing of flowers, size of buds and size of flowers, and total blooming period of the crop. 

in the first 
Three sets 'of pollination experiments were performed when the crop started to bloom 

week of March. 

(i) Control (no insect pollinators) 

(ii) Open pollination (only natural insect pollinators) 

(iii) Bee pollination 

For control purposes, ten branches (one branch each of ten plants with an almost equal number of 

were co.'.red with muslin bags so that no insect pollinator
flowers/buds of almost the same age) 
could enter the cage to pollinate the flowers. For open-pollinated flowers, observations were taken 

could visit the flowers freely. Fornatural insect pollinatorsunder natural conditions in which 

honeybee-pollinated flowers, 75 plants were covered with a 15 mm long, pollination cage 3 mwide,
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and 2-2.5 m high. so that no insect pollinator could enter. Three such pollination cages were used. 
When 5- 1O per cent of the crop was in bloom, a medium-sized colony of Apis cerana having seven 
frames covered with bees and free of any sign of disease was placed in each of the three pollination 
cages. The bees were kept inside the pollination cage until the end of the flowering period. 

Observations on foraging behaviour were recorded for the daily initiation and cessation of foraging. 
peak hours of foraging activity, duration of foraging trips, the individual bee's choice of nectar or 
pollen, the weight of pollen carried by a bee, the time spent on each flower, and the number of 
flowers visited per minute. Observations on such parameters as the weight of pollen load, time spent 

the flower and the number of flowers visited per minute by a bee were taken at three differenton 

times of the day i.e. 900 (2.46 h after sun rise), 1200 (5.46 hafter sun rise) and 1500 h (8.46 hafter
 
sun rise).
 

In order to differentiate between nectar and pollen collectors, returning foragers were collected with 
the aid of an aspirator at the hive entrance and frozen to prevent regurgitation of nectar. The frozen 
bees were sorted for the type of forage. following the method of Erickson et al. (1973). Observations 
were recorded at 0900, 1200, and 1500 h (i.e. 2.46, 5.46, and 8.46 hafter sun rise respectively) each 
day. The peak hours of foraging activity were determined by counting the number of bees entering 
the hive in a three minute period each hour from early morning until late evening. The weights of 
pollen loads were determined by anaesthetizing samples of returning bees with carbon dioxide (Frisch 
1967). removing their pollen loads, and weighing them. Duration of foraging trip was determined 
by marking 25 forager bees with nail polish of different colours and noting the times when each of 
these marked bees leaves the hive for foraging and comes back. 

After the crop was ripe, 10 branches mch from bagged, open-pollinated, and bee-pollinated plants 
containing an almost equal number of fruits, were harvested. Changes in the quality and quantity of 
seeds as a result of bee-pollination were assessed in terms of increase in the number of pods (pod 
set), the number of seeds per pod, weight of a 100 seeds, and percent germination. 

Data were analyzed statistically using analysis of variance. 

Resuls 

Each radish plant had an average of ten branches and each branch bore an average of 155.2_+18.3 
flowers. The white to liac, cruciferous flowers of the radish were 14.1.-1.3mm in diameter. The 
flowers opened in the morning and remained open for two to three days (Table 1). Each radish 
flower had four sepals, four cruciform petals, six titradynamcus stamens (four long, two short), and 
a bicarpellary, syncarpous ovary with ashort style and capitate stigma. Four disc-like nectaries were 
present at the base of the outer small and inner paired stamens. The crop started flowering during the 
first week of March and continued -until the last week of March, thus the tota flowering period of 
the crop lasted one month. 

Observations on the foraging behaviour of Apis cerana are summarized in Table 2.The worker bees 
started foraging early in the morning at 06.40.±0.02 h and stopped at 18.30+0.02 h in the evening, 
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11.50 ±0.04 h per day. Peak faging activity was 
thus the total duration of foraging activity was 

observed 	between 1100-1300 h when the outside Lempt'rature ranged between 21°C-25cC and relative 
22.1_+0.03 

humidity ranged between 50 per cent to 78 per cent. Duration of each foraging trip was 

an average of 9 + I trips per day.
minute, and each bee made 

12.8 +0.03 seconds on each flower, and 
Each bee 	spent an average of 4.3 --0.01, 5.3 ±0.03 and 

9.0 ±0.4, and 5.0 +0.4 flowers per minute during at 0900 (2.46 h 
visited an average of 8.0 +0.5. 

1500 h (8.46 h after sun rise) respectively. Each bee 
1200 (5.46 h after sun rise), andaf'.r sun 	rise). 

a pollen load of 11.0+0.2 mg at 0900 h. 10.0+05 mg at 1200 h and 7.0+05 mg at 1500 
collected 	 rise), 1200 (5.46sun 
h. The number of bees per plant was 9±2,8.±land 4+ lat 0900 (2.46 h after 

sun rise) respectively.
h after sun rise). and 1500 h (8.46 h after 

Wt 0900 h (2.46 h after sun rise), the 
Pollen collectors (P)outnumbered nectar collectors (N) i.e. P> 

1200 h (5.46 h after sun rise) and at 1500 h (8.46 h after sun rise) N> P.Most cf 
ratio was equal at 
the bees coilected either nectar or pollen during a single foraging trip. but, a few bees, (four per cent 

as 	 during the 
seven per 	cent at noon) collected both pollen as well nectar 

during the morning and 

same foraging trip. 

summarizedthe quality and quantity of radish crops are 
The effects of Apis cerana pollination on 

set by 23.0 percent compared to open
in Table 	 3. Bee pollination significantly enhanced pod 

the crop was selfset fruit showing that 
plants. The control branches did not any

pollinated 	 pollination also 
cross pollination by bees and other natural insects. Bee 

incompatible and required 
increased significantly the number of seeds per pod by 42.3 percent and the weight of a 100 seeds 

by 44.5 per cent compared to open -pollinated plants. The germination of seeds from bee-pollinated 

32 per cent higher compared to open-pollinated plants.
plants was 

Discussion 

valley of Nepal. Pollination of its flowersin KathmanduRadish crop blooms during spring season 
as other natural insect pollinators. But during 

is possible by using dome-ticated honeybees as well 

years the populations of the natural insect pollinators is decreasing rapidly because of the 
recent 

use of pesticides on agricultural and horticultural crops and the loss of habitat quality and 
heavy 	 important crop pollinators. 
quantity. Therefore domesticated species of honeybee remain the most 

month suggests that this crop can be a good 
The total flowering period of crop extending upto one 


source of nectar and pollen to bees.
 

Results of the present investigation demonstrate that the total duration of foraging activity of.Apis 
on the 

cerana worker bees was 11.50 h per day. Our earlier studies (Verma and Partap 1993) 

foraging behaviour of Apis cerana on other vegetable crops flowering during early spring season also 

11.03 h on cauliflower and 12.05 h on cabbage during 
show that duration of foraging activity was to 
February and March respectively.- The potential for long foraging hours enables honey bees 

number of flowers per day and makes them efficient pollinators.
polinate 	a maximum 
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varied between 

- 78 per cent (Figure 1). whereas SinghThe peak hours of foraging activity were between 1100 to 1300 h when temperatures 

2["C -250C and relative humidity varied between 50 per cent 
cerana to between 0900 and 1400 h. with only a few 

(1979) observed the maximum activity of Apis 

bees flying after 1600 h. Worker bees of.4pis cerana collected heavier pollen loads during morning 
presented by ti, s 

This might be because the maximum number of pollen grains was 
and noon hours. and relative humidity (50

noon hours. Thus the temperature (21-25 °C) 
crop during morning and 

not only best suited for the peak foraging activities of worker bees but 
78%) during these hours are 

the fact that P>N during
This is further supported by

also for gathering heavier pollen loads. 
for this change fromAnother possible reason

N > P during afternoon hours.
morning hours and as 

the day might be a depletion of available pollen foragers 
nectar collection duringpollen to 


collected it in the morning hours.
 

pollination (Table 3) show that Apis cerana 
The qualitative and quantitative effects of Apis cerana 

set, seed set, seed weight, and germination percentage of the seeds 
pollination increased pod 

and seed set as a result of be, pollination 
compared to open-pollinated plants. Increase in fruit set 

Further, these 
could be due to sufficient number and the better pollinating efficiency of honeybees. 

h,,oneybees could transfer amounts of pollen grain sufficient to pollinate a maximum number of ovules 
seed set. Natural insect

seeds, thus resulting in increased 
the ovary to produce moreinside at the time oflow temperatures

other hand, due to their insufficient number,
pollinators, on the 

not pollinate a sufficient -,umber of flowers. This 
flowering, and poor pollinating efficiency, could asfor other vegetable crops such

Similar studies made by us 
resulted in low fruit and seed set. 

have showi, that bee
valley (Verma and Partap 1993)

and cabbage in Kathmanducauliflower 

pollination increased the yield and enhance the quality of seeds of these crops.
 

by their weight and germination efficiency. Bee pollination 
The quality of seeds can be assessed to opencompared

seed weight and seed germination by 44.5 and 32.0 per cent 
increased 100 a result 
pollinated plants (thus producing better quality seeds). The improvement of seed quality as 

of bee pollination might be a result of heterosis. No fruit set in the control (bagged) branches means 

self-incompatible and required cross-pollination by honeybees and other natural 
that te crop was 

insect pollinators.
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Table 1: Floral Biology of Radish in the Kathmandu Valley, Nepal. 
Values are Mean +S.E. 

No. of branches per plant 10.0+2.0 

No. of flowers per branch 155.2+18.3 

Time of flower opening Open in the morning and remains open for about 

Time of flower closing three days 

Diameter of flower (mm) 14.1+ 1.3 

Total flowering period One month (March 1st week to March last week) 
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Radish Plants in the Kathmandu Valey, 
Table 2: Foraging Behaviour of Apis cerana on 

are Mean ±S.E.Nepal. Values 

Mean Value
Parameter 

06.40 . 02
 
Initiation of foraging (time of day) 


18.30 +0.02 
11.50 j-0.04Cessation of foraging (time of day) 

Duration of foraging activity (h) 

1100- 1300Peak foraging hours (time of day) 

22.1 +0.03
Duration of foraging trip (min) 


Time spent on flower (sec) 4.3._0.06
 
0900 h (2.46 h after sun rise)
 

1200 h (5.46 h after sun rise) 1.8 ±0.03

.:01500 h (8.46 h after sun 	rise) 

No. of flowers visited per minute 

8.0 ±0.5 
0900 h (2.46 h after sun 	rise) 

9.0±0.4 
1200 h (5.46 h after sun rise) 

5.0 ±0.5 
1500 h (8.46 h after sun 	rise) 

Pollen load ( cog)ll1.0r_+0.2	 4± 
0900 h (2.46 h after sun rise) 

10.0 +0.5 
1200 h (5.46 h after sun 	rise) 

.il1500 h (8.46 h after sun 	rise) 

and nectar-
Ratio between pollen-collectors 


collectors (P:N)6:
 
0900 h (2.46 h after sun 	rise)6: 
1200 h (5.46 h after sun rise) 5:5 

1500 h (8.46 h after sun rise) __.-.-3:7 

No. of beex. per plant 
5 -+1 

0900 h (2.46 h after sun 	rise) 
9 _+I 

12003 h (5.46 h after sun rise) 4_ 
1500h (.46h after sun rise) 

4 
P+Nectar collectors (P+N) 

4%2.46 h after sunPoln +N h r olc0900 rise) ni%100(.46 h after sun rise) 

rise)500(8.46 h after sun 
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Table 3: 	 Quantitative and Qualitative Effects of Apis cerana Pollination on Radish 
Seeds Values are Mean +S.E. Data were Analyses Statistically Using Analysis of 
Variance. 

Parameter Control Open- Bee Percentage Values of F 
Pollinated Pollinated Increase and Degrees of 

Freedom 

% Pod Set No Pod Set 51.2+4.9 74.2_+4.4 23.0 F=136.29 
df, =1:df,=18 

No. of Seeds per 5.2 -r-0.4 7.4 +0.3 42.3 F=85.60 
Pod df, =l;df2=38 

100 seed Wt. (mg) - 1276 +4 1844 +7 44.5 F=497.03
df2= 1;df2=18 

Per cent - 44.0+3.4 76.0+3.6 32.0 F=642.92 
Germination of df, = l;df2 =18 
Seeds 

df, degrees of freedom for numerator 
df, degrees of freedom for denominator 

Differences in pod set, number of seed per pod, 100 seed weight and germination between open 
pollinated and bee pollinated are significant (P<0.01). 
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Fig.1 	 Initiation, cessation and peak hours of foraging activity (number of 

incoming bees arriving at flowers/3 min) of Apis cerana on Radish flower 

in Kathmandu valley (27"40'N, 85"20'E). Temperature ('C) and relative 

humidity [%] are given in parenthesis. 
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Comparative Foraging Behavior of Apis cerana and Apis mellifera in Pollinating
 
Indian Mustard (Brassica juncea var Khumal Broad Leaf) Flower
 

in Kathmandu Valley, Nepal
 

Uma Pratap and L.R. Verma 

International Centre for Integrated Mountain Development (ICIMOD) 
P.O. Box 3226, Kathmandu. Nepal 

Summary 

Floral biology and comparative foraging behavior of Apis cerana and Apis mellifera on 

Indian mustard (Brassica juncea var KhLmal Broad Leaf) %kasstudied in Kathmandu valley.
 

Nepal. An Indian mustard plant had n average of 10 branches and each branch bore an
 

average number of 1300 bright yellow flowers which opened in the morning and remained
 

open for 3-4 days. Each flower was 10 mm in diameter and a bud 6 mm long. Total
 

flowering period of the crop lasted for about 6 weeks. 

Worker bees of Apis cerana started foraging on Indian mustard flower early in the 

morning at 0626 h and ceased late in the evening at 1821 h as compared to Apis mellifera 

worker bees which started foraging activity at 0649 h and ceased at 1811 h. Thus, the duration 

of forag.ing activity for Apis cerana was 11.55 h; significantly more than that for Apis 

mellifera (11.22 h). The duration of an individual foraging trip by Apis cetana was (23.24 

min) significantly shorter than for Apis mellifera (25.29 min). The peak foraging activity of 

Apis cerana occurred between 1200-1300 h for and Apis mellifera it occurred between 1300

1400. The differences between the two species were not significant for parameters such as time 

spent on each flower, time taken to shift from flower to flower, number of flowers visited per 

minute and number of bees foraging on each plant at a time. 

In both species nectar collectors (N)outnumbered pollen collectors (P)throughout the 

day except at 1200 h when P> N in Apis mellifera. P:N ratio varied considerably with the 

time of the day and between species at different hours of the day. Worker bees of Apis 

mellifera carried significantly heavier pollen loads than that of Apis cerana. 
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Introduction 
in varIndian Mustard (Brassica juncea Khumal Broad Leaf) is widely grown 

as vegetable. The 
,alley of Nepal for its leaves and tender shoots %.hichare used

Kathmandu 
some amount of cross

and its flowers self-pollinated. however,
crop is self compatible 

McGregor.and Spencer-Booth. 1963: Free, 1970: 
pollination has also been reported (Free 

1976). 

Cross pollination of its flower isbrought about by insect pollinators which visit mustard 

flower for pollen as well as for nectar. Among the pollinating insects honey bees in particular 

are attracted to it and are reported to be of great benefit (Free and Spencer-Booth, 1963). The 

to both Apis cerana and Apis mellifera and good 
are quite attractiveflowers of this plant 


source of both pollen and nectar.
 

In the present investigation we have compared the foraging behavior of two honeybee 

and the exotic bee Apis mellifera on Indian mustard crop 
species; the native bee Apis cerana 

great
the role of these two bee species as pollinator. Such studies assume 

in order to assess 

importance under the local ecological conditions of Kathmandu valley where Apis mellifera has 

been recently introduced from India. 

Materials and Methods: 

Floral biology of Indian mustard plant (Brassica juncea var Khumal Broad Leaf) and 

and Apis mellifera on its flowers was studied during
the foraging behavior of Apis cerana 

valley of Nepal. The crop was raised under standard
1993 at KathmanduFebruary-March, 


agronomic practices.
 

Observation on the floral biology of Indian mustard crop was recorded for the number 

of flowers per plant, time of opening and closing of flower, size of buds and flowers, and total 

blooming period of the crop. 
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In order to study the foraging behavior of Apis cerana and Apis mellifera on Indian 

mustard flower 4colonies (2 colonies each of Apis cerana and Apis mellifera) each containing 

7 frames of vorker bees and free of any sign of disease were placed in the centre of field at 

the stage of 10-15 percent flowering. Thus the bees should have foraged only on Indian 

mustard flowers and ignored the alternative forage in the vicinity of the field. Bees vere kept 

in the field till the end of the flowering of the crop. 

Observations on the foraging behavior of both bee species (Apis cerana and Apis 

mellifera) were recorded for the daily time of initiation and cessation of foraging, total duration 

of foraging activity, individual bee's choice of pollen and nectar, weight of pollen load carried 

on the flower and number of flowers visited per minute. Forby an individual bee, time spent 
wereother logistics of foraging behavior studies, methods given by Verma and Dulta (1986) 

followed. Observations on such parameters of foraging behavior and time spent on flower. 

time taken to shift from flower to flower, number of flowers visited per min, pollen loads 

collected and pollen vs. nectar collectors were recorded at 0900, 1200 and 1500 h. 

In order to differentiate between nectar and pollen collectors, returning foragers were 

collected with the aid of an aspirator at the hive entrance and frozen to prevent regurgitation 

of nectar. The frozen bees were sorted for the type of forage following the method of Erickson 

et. al (1972). Observations were taken at 0900, 1200 and 1500 h of each day. Peak hours of 

foraging activity were determined by counting the number of bees entering the hive in a 3 

minute period of each hour from early morning until late evening. Weights of pollen loads 

were determined by anaesthetizing samples of returning bees with carbon dioxide (Frisch 1967) 

and removing their pollen loads with a fine camel hair brush and weighing them. Inorder to 

determine the number and duration of foraging trip, 20 bees were marked with the nail polish 

of different colors and observations were recorded for the individual marked bee. 

Data were analyzed statistically using standard errors of mean and student's t' test. 
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Results 

The plant had an average number of 10 
Table I shows the floral biology of the crop. 

average number of 1300 (range 1000-1500)an(r3nge 8-12) branches and each branch bore 

open for about 3-4 days. Flower was
in the morning and remainedflowers. Flowers opened 

in color having 4 sepals.was 6 mm It w,,,aslong. bright yellow10 mm in diameter and bud 

(2 short. 4 long) and one capitate stigma. Flovering of the 
4 cruciform petals, six stamens 

Thus total flowering period of the crop 
crop started in mid-February till the end of the March. 

lasted for about six weeks. 

and Apis mellifera on Indian Mustard 
Comparative Foraging Behavior of Apis cerana 

began foraging
(Brassica junceC, var Khumal Broad Leaf) ispresented in Table 2. Apis cerana 

In the
time 0626 h) than Apis mellijfera (mean time 0649 h).

earlier in the morning (mean 

time 1811 h) than Apis cerana (mean time 1821 
evening Apis mellifera stopped earlier (mean 

11 55 h for Apis cerana and 11.22 hours for 
h). The average duration of foraging activity was 

were significant at P<0.01.
Apis mellifera. Differences in all three parameters 

cerana wasThe duration of an individual foraging trip by Apis 23.24 Y 0.22 min., 

shorter (P <0.01) than the time of 25.29 Y0.57 min. for Apis mellifera
significantly 

(Table 2). 

Both species of honeybee did not differ significantly in behavioral characteristics such 

as time spent while foraging on each flower and time taken to shift from one flower to another, 

(Table 2).number of flowers visited on each plant at a time 

Nectar collectors outnumbered pollen collectors (P <0.01) for both species throughout 

the day, except at 1200 h inApis mellifera when pollen collectors were significantly more than 

The ratio of nectar collectors to pollen collectors varied considerably with 
nectar collectors. 


the- time of day and between species at different times of the day (Table 3). For Apis cerana,
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more bees were collecting nectar than pollen at 1500 and 1200 h, whereas, for Apis mellifera, 

nectar collectors were more numerous at 0900 and 1500 h. pollen foragers of Apis mellifera 

outnumbered those of Apis cerana at 0900. 1200. and 1500 h. 

The peak of activity for Apis cerana (mean number of incoming bees! three minutes) 

occurred between 1200 - 1300 hours vhen the temperature was 25.8 to 27.4-C: relatie 

humidity range 52.2 to 58.4: and, for Apis mellifera. it occurred between 1300 to 1400 hours 

when the mean outside temperature was 25.6 to 27.4-C and the relative humidity ranged from 

52.2 to 56.6 per cent (Figure 1). 

Discussion 

Floral biology of Indian mustard studied in present investigation is similar to that 

described earlier by McGregor (1976). Since this plant flowers in early spring/late winter in 

Kathmandu valley of Nepal. pollination of its flowers by domesticated species of honeybees 

(Apis cerana and Apis mellifera) is essential because all other natural insect pollinators are 

absent during this period due to low temperatures. The bright yellow flowers of this crop were 

found quite attractive to both species of honeybees. The total flowering period of this crop 

extending up six weeks shows that the crop is a good source of pollen and nectar for bees 

during early spring season when there is a dearth of other bee flora. 

The comparative foraging behavior data (Table 2)suggests that the worker bees of Apis 

cerana started their foraging activities earlier in the morning and ceased late in the evening as 

compared to those of Apis mellifera. Thus the total duration of foraging activity of Apis 

cerana worker bees is significantly more than those of Apis mellifera. This enables Apis 

cerana worker bees to forage and pollinate flowers for extended period of time as compared 

to Apis mellifira, i.e. 11.55 hours per day for Apis cerana and 11.22 hours per day for Apis 

mellifera. Verma and Partap (1993) observed that the duration of foraging activities of Apis 

cerana was 12.1 h on cabbage and 11.03 n on cauliflower during March. 
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to the time ofthe species with respectweredifferences that observed betweenThe 	 Dulta (1986).
initation and peak hours of foraging activity agree with those of Verma and 

These differences in foraging preferences may have reflected the differences in temperature and 

The mean duration of an individual foraging trip (Table 2) was 
relatie humidity preferences. 

cerana (mean time
(mean time 25.29 min.) than Apis

significantly 	longer for Apis mellifera 

These differences might be attributable to a difference in the foraging efficiency. 
23.24 	min.). 

Apis mellifera has more glycogen for fuel than Apis 
and glycogen 	supply to the flight muscle. 

annumber of flowers visited per minute by Apis
1989). Thecerana (Dulta and Verma. 

worker bee, however, this 
more as compared to that by Apis cerana 

mellifera worker bee was 
found by Kakkar (1972) who

Similar results were 
difference was not statistically significant. 

was 8.05 
showed that 	number of flowers visited per minute by an Apis inellhfera worker bee 

was 7.6 on cauliflower crop.
and by Apis 	cerana 

The peak foraging activity of Apis me!ifera begins after the peak foraging activity of 

on peak foraging
Verma and Dulta (1986) reported similar findings

Apis cerana decreases. 
Partap (1993) observed 

of these two 	bee species on apple flower. Verma and 
activities 

1100 and 1300 on cauliflower and cabbage in 
cerana betweenmaximum activity of Apis 

Kathmandu valley, Nepal during Feb-March. The difference in peak hours between the species 

these species can be used simultaneously for the 
can be exploited in a better way and btoth 

In this way the length of daily period of foraging could be 
same crop.pollinaion of the 

increased and pollination of the crop could be improved. 

The heavier 	pollen loads carried by Apis mellifera compared to that carried by Apis 

may be related to the larger size of body 	parts already reported for the former species 
cerana 

Free (1970) and Kendall and Solomon (1973) 
(Mattu and Verma, 1980; 1983; 1984 a, b, c. 


observed that the insects with smaller body parts carry little pollen compared to the larger,
 

hairy-bodied 	 insects. 
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Nectar collectors outnumbered pollen collectors in both the species except 	for 1200 h 

Our resultswhen pollen collectors outnumbered nectar collectors in Apis nmellifera (Table 3). 

and Dulta /(1986) who reported similar pollen or nectar collectingagree with those of Verma 

In the present investigation.behavior of bees during a single foraging trip on apple flovers. 

same
\orker bees of both the species either collected pollen or nectar but not both during the 

crop both nectar and pollen are not equallyforaging trip. This may be because in this 

attractive to foragers at the same time. Our earlier studies (Verma and Partap 1993) showed 

that Apis cerana when visiting cauliflower and cabbage collected either pollen or nectar but 

never both on an individual foraging trip. Similar observations were recorded by Free (1960) 

for Apis mellifera. 
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in Kathmandu Valley, Nepal.Table 1. Floral Biology of Indian Mustard 
The data based on ten observations. 

Parameter 

No. of flowers per branch 

No. of flowers per plant 

Time of fower opening 

Time of flower closing 

Diameter of flower (mm) 

Length of bud (mm) 

Total flowering period 

Mean Range or Variation 

1300 1000-1500 

13070 10800-15400 

Open in the morning and remain open for 3-4 days 

9-1110 

5-76 

About six weeks (i.e. middle of February to late March) 
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Table 2: Comparative Foraging Behavior of.Apis cerana and Apis mellifera on Indian 
Mustard flo-ers during February/NIarch in the Kathmandu Valley, Nepal. 
The data are based on ten observations. 

Parameter 

Initiation of foraging (time of day) 

Cessation of foraging (time of day) 

Duration of foraging activity (h) 

Peak foraging hours (time of dav) 

Duration of foraging trip (min) 

'ime spent on flower (sec) 
0900 h 

1200 h 

1500 h 


Time taken to shift from flower to flower (sec) 
0900 h
 
1200 h 

1500 h 


Number of flowers visited per min. 
0900 h 
1200 h 
1500 h 

Pollen loads (mg) 
0900 h 
1200 h 
1500 h 

Number of bees per plant. 
0900 h 
1200 h 
1500 h 

Apis cerana Apis mellifera 

0626 +0.65 0649 +0.65"" 

1821 +0.36 1811 +0.35 

11.55 +0.92 11.22 +0.57" 

1200 - 1300 1300 - 1400"" 

23.24 +0.22 25.29 +0_57* 

3.23 +0.15 3.22 +0.22 
2.75 +0.16 3.06 +0.16 
2.75 +0.15 2.74 +0.16 

1.96 +0.17 1.81 +0.17 
1.75 +0.13 1.61 +0.13 
1.64 +0.13 1.61 +0.11 

11.65 +0.29 12.20+0.37 
11.68 +0.57 13.43+0.52 
13.75 +0.52 14.23+0.39 

13.05 +0.48 21.14+ 1.00"" 
12.05 +0.62 23.58_+0.62"" 
13.57 +0.46 25.74_+0.70"" 

2 2 
3 4 
3 3 

For times of initiation; cessation and duration of foraging activity, duration of foraging trip, 
and weights of pollen loads, differences between species are significant (P <0.01). 
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cerana and Apis mellifera Honeybees Collecting
Table 3: Percentage of Apis 

and Both from Indian Mustard Flowers duringPoilen, Nectar 
in %larch in the Kathmandu Valley.Different Hours of the Day 

The data are based on ten observations.Nepal. 

0900 h 1500 h1200 h 

Forager 

P 

cerana 

17 

mellifera 

39 

ceraia 

29 

mellifera 

60 

cerana 

11 

mellifera 

38 

N 38 61 7 40 89 62 

PN 0 0 0 0 0 0 

P:N 1.0:4.9 1.0:1.6 1.02.4 1.5:1.0 1.0:8.1 1.0:1.6 

1500 h for Apis cerana and at 0900h and 1500h for
P<N at 0900 h.1200 h, and 
Apis mellifera (at P<0.01) 

P<N at 1200 h for Apis mellifera (at P<0.01) 

Pollen collectorsP 

Nectar collectorsN 

Pollen plus nectar collectorsPN 

Ratio between pollen and nectar collectorsP:N 
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VEGETABLE SEED PRODUCTION
 

USING HIMALAYAN HONEY BEE ( APIS CERANA F.)
 
AS POLLINATOR IN KATHWANDU VALLEY : INDIAN MUSTARD
 

UMA PARTAP t-ND L.R. VERMA
 

International Centre for Integrated Mountain Development 

(ICIMOD) 
P. 0. Box 3226, Kathmandu, Nepal,
 

SUMMARY
 

The objective of the study was to verify use value of honey bees
 

for pollinating Indian mustard crop, grown widely by the vegetable
 

growers of Kathmandu valley. It focussed on the effects of
 

pollination on the seed yield and quality of Indian mustard under
 

agroclimatic conditions of Kathmandu valley in Nepal. The plants
 

under observation had an average of 10.1 branches and each branch 

bore an average of 1300 flowers. Flowers opened in the morning
 

hours only just for 2-3 days. Average diameter of the flower was
 

10 nin and buds 6 m long. Crop started blooming during February
 

and the total flowering period of crop lasted for 6 weeks.
 

Bee pollination enhanced fruit set, in the crop by 6.1 and 5.2
 

percent as compared to control and open pollinated plants
 

respectively. It increased the number of seeds per fruit by 38 and 
14.2 percent and seed weight by 48.4 and 17 percent as compared to
 

control and open pollinated plants respectively. Bee pollination
 

also enhanced the germination of seeds by 19.4 and 13.4 percent
 

compared to control and open pollinated respectively.
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INTRODUCTION
 

the availability of
 
Successful vegetable farming depends much on 


good quality seeds. The production of such quality seeds 
depends
 

these vegetable
or adequate pollination of 

upon the sufficient 


completely or
 
Further, many of these vegetable crops 

are 

crops. 


partially self-incompatible and incapable 
of pollinating themselves
 

Cross-pollination of their
 
(Tewari and Singh 1983, Verma, 1990). 


flowers by insects pollinators is, 
therefore, essential.
 

Honeybees are most efficient pollinators 
of several cultivated and
 

wild plants. Among different species of honeybee, Apis 
cerana is
 

of great importance to beekeeping and 
pollination even outside its
 

range because of following factors;
 

(i) This is the only domesticated native bee species and is an
 

heritage of rural
 
integral part of cultural and natural 


south and south
 
communities in the developing countries 

of 


east Asia.
 

(ii)Beekeeping with European honeybee Apis mellifera 
is facing
 

because of parasitic bee mites and
 
serious constraints 


(Verma 1990;1992).
fiercely stinging Africanized bees 


the effect of bee
 
A large volume of literature , available on 

on the yields of various crops (Deodikar and 
pollination 


Suryanarayana, 1972; 1973; 1977; Free, 1970; McGregor, 
1976; Verma,
 

to bee
 
1990, 1992), indicates that increase in crop yields due 


The variations of impact

pollination varies from place to place. 


on yield and quality of seeds, may even 
be more pronounced in the
 

hilly areas, where the agroclimatic conditions vary greatly from
 

the plants and
 
place to place, thus affecting floral biology of 


This point emphasizes the
honey bees.
pollinating efficiency of 

use of honey bees for


based studies on the
need for area 


pollination.
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It is against this background, we have studied in detail the role 

of the native honey bee species ( Apis cer&na )in enhancing the 

yield of Indian mustard. It is a-commonly grown vegetable crop in 

the Kathmandu valley of Nepal. 

MATERIALS AND METHODS
 

Seedlings of Indian mustard (Brassica juncea var. Khumal Broad 

Leaf) were raised in the experimental plots of HIG/FAO Vegetable 

Seed Production Farm, Khumaltar in Kathmandu valley of Nepal 

during August/September 1992. About one month old seedlings were
 

transplanted in the experimental plots at a plant to plant distance
 

of 50-60 cm and row to row distance of 80-90 cm. Crops started
 

blooming during February 1993.
 

Observations on floral biology of the crop were recorded for the
 

number of flowers per branch, time of opening and closing of
 

flowers, size of flowers and buds and total blooming period of
 

crop.
 

Following three sets of experiments were performed when the crop
 

started blooming during February;
 

i. 	 Control (insect pollinators excluded by cages): For control,
 

ten plants with almost equal number of floral buds of almost
 

same age were covered with a cage (3m long x 3m wide x 2m
 

high) so that no insect pollinator can enter into the cage to
 

pollinate flowers.
 

ii. 	 Open-pollinated in field (natural insect pollinators including
 

free-ranging honeybees) For open-pollinated flowers,
 

observations were made concerning natural conditions in which
 

all natural insect pollinators could visit the flowers freely.
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-----------------------------------------------

in cages: For honeybee pollinated flowers
 
iii. Bee pollinated 


(15m
 
about 100 plants were covered with a pollination 

cage 


natural insect
 
x 2.5m high) so that no 


long x 3m wide 

When about 10 percent of
 

pollinator could enter in the cage. 

cerana
 

in bloom, a medium sized colony of 
Apis


the crop was 


with 7 frames covered with bees free 
of any sign of disease
 

was placed in the cage. The
 
(about 6000-7000 adult workrers) 


cage size was quite big and in such a large sized cage we
 

observed the normal behavior of bees 
without any mortality.
 

the cage till the end of the

inside
The bees were kept 


flowering period.
 

control, open

ripe)10 branches each from the 
After the crop was 


pollinated and bee pollinated plants containing 
almost equal number
 

Changes in the quality and quantity 
of
 

of fruits were collected. 


the seeds due to bee pollination were 
assessed in terms of increase
 

Seed yield per hectare
 seed set and seed weight.
in fruit set, 


(kg) was estimated by the following 
formula
 

Wt. of
No. of Percent No. of 

No. of No. of 


fruit seeds/ a seed
 
plants/X branches//flowers 


set fruit Average
branch
hectare plant 

= Y kg
 

100
100 X 


To determine the effect of bee pollination 
on seed germination, 100
 

seeds of uniform size each from control, 
open-pollinated and bee

pollinated plants were germinated in 
petridishes (9" in diameter)
 

was counted
Number of germinated seed 

under room temperature. 


after 72 in each case because the number 
of seeds germinated after
 

h. Three

No more seeds germinated after 72 


72 h was maximum. 


sets of experiments were performed and 
experiments were repeated
 

twice.
 

error about the
 
analyzed statistically using standard
Data were 


means, students' 't' test and chi square test
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RESULTS
 

The floral biology of the crop is given in Table 2. An Indian
 
mustard plant had an average number of 10.1 branches and each
 

branch bore an average number of 1300 flowers. Flowers opened in
 

the morning and remained open for 2-3 days. The average diameter
 

of flower was 10-ami and the buds 6 mm long. Crop started blooming
 

during February and the total blooming period of crop lasted for
 
about 6 weeks. Temperature varied between 90C to 27.4°C and
 

relative humidity varied between 52.2 to 9.7 percent ( Table 1) at
 

different hours of the day during the blooming period of the crop.
 

Qualitative and quantitative effects of bee ( Apis cerana)
 

pollination on Indian mustard crop are presented in Table 3. Bee
 
pollination enhanced fruit set by 6.1 and 5.2 percent as compared
 
to control and open pollinated plants. It also increased the
 
number of seeds per siliqua by 38 and 14.2 percent as compared to
 

control and open pollinated plants. A siliqua from bee pollinated
 
plant had an average number of 11.7 seeds whereas that from control
 

and open pollinated plants had 8.5 and 10.3 seeds respectively.
 

Bee pollination enhanced the seed yield per hectare by 36 percent
 

as compared to control and 34.6 percent as compared to open
 
pollinated plants. Estimated seed yield per hectare in control was
 
260.5 kg, in open pollinated 263.4 kg and in bee pollinated plants
 

it was 354.3 kg per hectare (Table 3).
 

Bee pollination also improved the seed quality in terms of seed
 
weight and seed germination. Seeds produced by the plants, cross
 

pollinated by Apis cerana were consistantly heavier than those
 

produced by control or open pollinated plants. It enhanced seed
 
weight (taken as 100 seed weight) by 48.4 and 17 percent and seed
 

germination by 19.4 and 13.4 percent as compared to control and
 

open pollinated plants respectively (Table 3)
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DISCUSSION
 

in early spring season in Kathmandu

Indian mustard crop blooms 


is possible only

valley of Nepal. Pollination of its flowers 


all other natural
 
through using domesticated honeybees because 


that time. The total flowering

insect pollinators are absent at 


period of the crop extends upto four to six weeks. 
It suggests that
 

this crops can be a good source of pollen and nectar to bees.
 

Bright yellow flowers are quite attractive to bees 
during early
 

spring season when there is a dearth of bee flora.
 

Our earlier studies ( Verma & Partap, 1993a ) have reported 
foraging
 

of Apis cerana in relation to pollination of this 
crop.


behaviour 

Apis cerana
 

This study revealed that pollination of the crop 
using 


could benefit farmers by increasing the yield and quality 
of seeds.
 

Seed characters positively influenced by pollination 
include, fruit
 

seed weight and seed germination. Similar studies
 
set, seed set, 


( Verma
for other vegetable crops in Kathmandu valley
done by us 


and Partap,1993a ) have shown that bee pollination 
increased the
 

seed yield and enhanced the quality of vegetable crops, such as
 

cauliflowers, cabbage, radish and lettuce.
 

Apis cerana pollination increased the seed yield in cauliflower 
by
 

and 157.2 percent as a compared to control and open

246.3 


percent as compared to open

pollinated and in cabbage by 266.7 


).
pollinated (Verma and Partap, 1993a 


workers (Deodikar and Suryanarayana,1972;
Reports of other 

of mustard by 13-222
1973;1977) do support increase in seed yields 


percent because of bee pollination. Free and Spencer-Booth (1963)
 

mustard and

did study bee pollination effects on the Indian 


reported 14 percent increase in seed yield.
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Our results showing positive effect of bee pollination on fruit 

set and seed quality in the Indian mustard, are of much 

significance to the vegetable growing farmers of mid-hill region of 

Nepal, where mcst of vegetable cultivation is presently 

concentrated. For example bee pollination increased the estimated 

seed yield/ha by about 93 kg as compared to control and 91 kg as 

compared to open pollinated crop (Table 3 ). 

Poor fruit set in bagged plants was due to self-pollination
 

indicating that the crop had some degree of self-compatibility.
 

The pollen grains transferred by self-pollination were not
 

sufficient to fertilize all the ovules in the ovary, so only a few
 

ovules produced seeds. Less fruit and seed set in open-pollinated
 

plants was due to inadequate pollination, because the concentration
 

of pollinating insects was not sufficient in the early spring
 

season when outside environmental temperatures were too low.
 

Bee pollination increased seed quality both in terms of seed weight
 

and seed germination. This finding shows that impact of
 

pollination is almost similar to what has been already reported by
 

others ( Latif et al, 1960) about Apis indica pollination for
 

other closely related crops like toria and sarson (two important
 

cultivars of Brassica campestris). The seeds produced by the
 

plants, cross-pollinated by Apis cerana were consistently heavier
 

than those produced by control plants.
 

To sum up the discussion, it is verified that bee pollination can
 

make a positive impact on the seed production in the Indian mustard
 

crop in Kathmandu valley. In the absence of any comparable data it
 

is difficult to state that impact of pollination on this crop
 

would remain the same or it will vary under different agroclimatic
 

conditions. However one thing is certain that it does vary from
 

reported findings ( Rao et al,1984) from the plains.
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Table 1: 	 Hourly Records of Temperature and Relative Humidity 

during the Blooming Period of Indian Mustard (Feb/Mar 

1993) at Khumaltar in Kathmandu Valley, Nepal. Values an 

Means of Ten Observations + SE.
 

Time (h) Temperature (°C) Relative Humidity (%) 

700 9 +0 97.0 + 1.3
 

800 10.8 + 0.3 93.4 + 1.2
 

900 13.6 + 0.4 91.8 + 1.0
 

1,000 18.4 + 0.2 78.0 + 1.7
 

1,100 23.2 + 0.4 66.0 + 0.7
 

1,200 25.8 + 0.2 58.4 + 2.1
 

1,300 27.4 + 0.4 52.2 + 0.9
 

1,400 25.6 + 0.4 56.6 + 1.7
 

1,500 22.8 + 0.4 63.0 + 2.2
 

1,600 21.2 + 0.3 69.4 + 2.5
 

1,700 18.0 + 0.2 77.6 + 1.8
 

1,800 15.4 + 0.2 85.8 + 1.8
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Table 2. 	 Floral Biology of Indian Mustard Kathmandu Valley, Nepal. 

Values are Aritbmatic Means of Ten Observations + S.E. 

Parameter 	 Indian Mustard 

No. of branches per plan, 	 10.1+ 1.5 

No. of flowers per branch 	 1300+ 17.9 

Time of flower opening 	 Open in the morning
 

and remains open for
 

about 2-3 days

Time of flower closing 

Diameter of flower(mm) 	 10+0.3 

Length of bud 	(mm) 6+0.3 

Total flowering 6 weeks (mid-February to late
 

Speriod March)
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2 

Table 3: 	 Quantitative and Qualitative Effacts of Aplo cerana 

Pollination on Indian Mustard Seeds Values are 

Arithmatic Means of Tenu Observation + S.E. 

Parameter Control 

Fruit set 81.6+2.9 

No.of Seeds 8.5+0.2 

per Siliqua 

Estimated 260.5 

Seed yield per 

ha (kg) 

100 Seed 110.2+2.7 

Weight (mg) 

Percent 69.3+1.7 

germination 

significant at P=0.01; 
* significant at P =0.05 

Open Bee %Increase' % increase 2 

Pollinated Pollinated 

82.5+3.5 87.7+2.3 6.1" 5.2 

10.3+0.3 11.7+0.2 38.0"" 14.2' 

263.4 354.3 36.0"" 34.6"" 

148.5+0.9 165.5+0.2 48.4"" 17.0" 

75.3+0.7 88.7+1.8 19.4"" 34.6"" 

increase compared to control 
increase compared to open pollinated. 

13
 



Progressive Hortic. (in press). 	 MS # 16 

Insect Pollination of Egg 	 Plant (Solanum melongena var Pusa Purple Long) in 

Kathmandu Valley of Nepal 

Uma Partap and L. R. Verma 

International Centre for Integrated Mountain Development 

ICIMOD, P.O. Box 3226, Kathmandu, Nepal 

Abstract 

Floral biology and insect visitors of egg plant (Solanum melongena var Pusa Purple Long) and 

their foraging behaviour in relation to pollination was studied under mid-hill conditions at 

1,500 m.a.s.l.(metres above sea level) in Kathmandu valley of Nepal. An egg plant bore an 

average number of 11.6 flowers each day (with few older flowers closing and new flowers 

opening each day). The flowers were of two types: smaller flowers had an average diameter 

of 32.2 mm while the larger flowers were 46.7 mm in diameter. The small flower had small 

style and in the large flowers the style projected beyond the anther tube. The flower opened 

the morning and remained open for two-three days. The total flowering period of the crop 

lasted for about six weeks. 

Three types of insects viz bumble bee (Bombus orientalis), , :.ali bee (Nomia sp.) and honey 

bee (Apis cerana) visited egg plant bloom among which bumble bee and alkali bee were the 

most regular visitors and present throughout the flowering period of the crop whereas honeybee 

made 2-4 visits per day. Bees of Nomia spp. and Bombus orientalisspent on an average 3.6 

and 7.3 seconds on flower and visited 8.2 and 6.2 flowers per minute respectively. Insect 

pollinated plants bore an average number of 12.2 fruit/plant each weighing 198.8 g. whereas 

control plants did not set any fruits. 



INTRODUCTION 

Egg plant is an important vegetable grown in Kathmandu valley of Nepal. In recent years, 

seeds of egg plant produced in Nepal is gaining importance in foreign markets. According to 

Vegetable Development Division, Kathmandu, Nepal, in 1980-90, some 20,000 kg of egg plant 

seeds have been exported. Egg plant fruits produced in Nepal are also exported to Tibet. The 

production of good quality fruits and seeds depends upon the adequate pollination of the crop. 

Flower structure of egg plan' and cone like formation of anthers around style favours self

pollination but Kakizaki (1924) and Jones and Rosa (1928) reported that the plant is neither 

self pollinated nor wind pollinated but strictly insect pollinated. However the pollinating 

insects on egg plant are least studied. Pammel and King (1930) reported that bumble bees 

were most common on its flowers but no honeybees came to the flowers. Sambandam (1964) 

and Pal and Taller (1969) discussed the pollination of egg plant and reported that 60-70 percent 

of fruit set is attributed to insect pollination but did not mention the insect pollinators. 

However Batra (1967) recorded 13 species of insect pollinators on egg plant during June to 

December in Ludhiana, India, including 2 species of Xylocopa, I species of Ceratina,3 species 

of Amegilla, 2 species of Apis, I species of Megachile, 3 species of Nomia, and one species 

of Lasio- glossum. Tanda and Mann (1985) reported honeybees, butterflies, bumble bees and 

syrphid flies on egg plant flowers in Punjab, India. The insect pollination of egg plant under 

agroecological conditions of Kathmandu valley, Nepal has never been studied. Inthe present 

paper we made a detailed investigation on floral biology, insect visitors and their behaviour in 

relation to pollination of egg plant. 

MATERIALS AND METHODS 

Studies on floral biology and insect pollinators of egg plant were made in a 50m2 plot in 

Kathmandu valley, Nepal. The plots had about 40 plants raised under standard agronomic 

practices. 
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Observation on floral biology were made on the number of flowers per plant, time of opening 

and closing of flowers and the total flowering period of the crop. 

Insects visiting the bloom were observed throughout the blooming period of the crop. Insects 

of each species were counted in marked squares (5m x 5m) during their peak foraging hours. 

Two specimens of each species were killed in ethylacetate and stored for identification. 

Identification was made in collaboration of Department of Entomology, Nepal Agriculture 

Research Centre, Kathmandu. 

Observations on the foraging behavior of the insects were recorded for the time of initiation 

(the time when the first bee of each species was observed foraging on egg plant) and cessation 

(the time when last bee foraged on the plant) of foraging, time spent on the flower, number 

of flowers visited per minute and number of visits each species made every hour from 0500 

to 1800 hours. These observation were made per m2 area having 3-4 plants. 

In order to know the effect of insect pollination on egg plant fruits, five plants were covered 

with muslin bags (control) to exclude the insect pollinators. Number and weight of fruits 

produced by control plants and insect pollinated plants were recorded. Data were analysed 

statically using standard errors about the means. 

RESULTS AND DISCUSSIONS 

Floral Biology of Egg Plant in Kathmandu Valley of Nepal 

Floral biology of egg plant is given in Table I. Each plant bore an average number of 11.6 

flowers per day (some new flowers open and older flower close each day). The flowers open 

in the morning and remained open for two-to-three days. The plant produced two types of 

flowers i.e. (i) 2-3 flowers born in cymes opposite the leaf and (ii) one single flower born at 

the base of the cyme. The flowers born in the cymes were smaller in size (mean diameter 32.2 

mm) than the single flowers born at the base of the cyme (mean diameter 46.7 mm). The 
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smaller flowers had small style which remained inside the anther tube and the in larger flowers 

the style was long projecting beyond the another tube (five anthers formed a cone like tube 

around the style. They dehisced at the terminal pores). We observed that 'only the single 

flowers born at the base of cymes produced fruits and those born on cymes were shed within 

one or two days after they open. Our observations agree with those of Smith (1931) who 

found that single flowers were less likely to shed than those on multiple cymes. Choudhury 

(1987) also reported that the flower types with long and medium style marked by a swollen 

ovary at the base bear fruits, whereas the other type having short style and rudimentary ovaries 

do not develop into fruits. 

Insect Visitors of Egg Plant in Kathmandu Valley of Nepal 

Three spec',!- of insect visitors namely Nomia spp., Bombus orientalis and Apis cerana, were 

observed on eg, plant bloom (Table 2)among which Nomia spp. was most abundant (51.9%). 

followed by Bombus orientalis (36.3%). Apis cerana was least abundant comprising only 11.8 

percent of the total insect visitors (Table 3). Earlier, Batra (1967), 1977) recorded 13 species 

of insects visiting egg plant in bloom including three species of Nonmia and two species of Apis 

i.e. A.dorsata and A.florea at Ludhiana, India but she observed that the Apis pollinators were 

not as abundant as other bees. Pammel and King (1930) stated that bumble bees were most 

common on egg plant flower at Ames, Iowa, but no honeybees came to the flowers. However, 

Tanda and Mann (1985) reported that flowers of egg plant were visited by honeybees, 

butterflies, bumble bees and syrphid flies in Punjab, India. 

Foraging Behaviour of Nomia spp., Bombus orientalis and Apis cerana on Egg Plant 

Bloom 

Bumble bees (Bombus orikntafis) started foraging earlier in the morning at 0513 hours and 

ceased foraging at 1810 hours in the evening (Table 4). Its peak foraging activity was 

observed between 0600-0900 hours (Table 4) when they made 12.8 to 20 visits (Table 5). 

Foraging activity decreased after 0900 hours and between I100 to 1400 hours it did not visit 
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the bloom at all (Table 5) probably due to high temperatures. During its single visit a bumble 

bee visited 5.2 flowers per minute and spent 8.2 seconds on individual flower. 

A bumble bee collected pollen from the egg plant flower by clinging underneath the flower and 

rapidly vibrating its body to release pollen from the anther tubes to the underside of its body. 

The pollen deposited on underside of its body is groomed by middle legs but some pollen 

remains to contact the stigma to affect pollination. 

Bees of Nomia spp. started foraging at 0731 hours in the morning and ceased foraging at 1712 

hours. Peak foraging activity was observed at 900-1200 hours (Table 4)during which 14.2 to 

16.1 visits were made by the bees of this species (Table 5). A bee of Nomia species spent 3.6 

seconds on flower and visited 8.2 flowers per minute during a single foraging trip. While 

working a flower it first made adistinct buzzing sound for 5-10 seconds probably to vibrate 

the anthers to release the pollen, some of which might fall onto the stigma to affect pollination. 

Honeybees only made 2-4 visits every day sometimes in the morning (between 600-1100) and 

in the evening (between 1500-1600 hours) throughout the flowering period of the crop (Table 

5). This is probably because of the peculiar structure of flower and the absence of nectar. 

While visiting the flower it spent 4.3 seconds on flower and visited 7.1 flowers per minute 

(Table 4). Bees of all the three species only collected pollen from egg plant flower. 

McGregor (1976) also reported that insects visit egg plant flower mostly for pollen. 

On the basis of insect number, duration of foraging activity, number of visits made, time spent 

on the flower and number of flowers visited per minute Bombus orientalis and Nomia spp. 
were the most significant pollinators of egg plant flowers in Kathmandu valley of Nepal where 

as Apis cerana was not significant due to their low number, erratic appearance and less number 

of visits. Pammel and Kinj (1930) and Batra (1967, 1977) also did not observe Apis cerana 

on egg plant flower, where as these workers bserved bees of Bombus orientalis and Nomia 

spp. respectively as the most common visitors of egg plant flowers. The unusual pollination 

mechanism of egg plant that the tabular anthers must be shaken vigorously in order to release 
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pollen was carried out by the bees of both Nomia spp., and Bombus orientalis showing that 

bees of both the species are most significant pollinators of egg plant flower. 

Effect of Insect Pollination on Fruit Set 

198.8 g/fruit whereas control plantsInsect-pollinated plants produced 12.2 fruits/plant weighing 

did not set any fruit (Table 6), suggesting that the flowers needed cross pollination by insects. 

That egg plant flower is strictly insect pollinated has already reported (Kakizaki, 1924, Jones 

and Rosa, 1928; McGregor 1976). Sambandam (1964) stated that 30 to 40 percent of fruit set 

in egg plant isattributed to the pollination by contact, gravity and wind and the rest 60 to 70 

percent to the insects. Pal and Taller (1971) also stated that within the variety the number of 

seeds per fruit ishigher in cross pollinated than inself-pollinated plants but substantially lower 

insects responsible forthan in open pollinated plants, however, these auhers did not mention 

better pollination. 

Thus, the results of present investigation suggest that bees of Bombus orientalis and Nonia 

spp. are the potential pollinators of egg plant. If conserved and managed, these 

cross pollination of varioussemidomesticated species could increase the yields, through 

These species have been reported to be the more efficientagricultural/horticultural crops. 


pollinators of some crops than honeybees under certain conditions (Bohart, 1960; Batra, 1967).
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Table 1: Floral Biology of Egg Plant in Kathmandu Valley, Nepal 

Number of Flowers per Plant per day* 	 11.6+0.4 

Time of Flower Opening & Closing 	 Flowers open in the morning and remain 
open for 2-3 days 

46.7 +0.8Diameter of bigger flower" (mm) 

Diameter of small flower," (mm) 	 32.2 +0.9 

6 weeks (June to mid-July)Total flowering period of crop 

Older flowers close and new flowers open each day. 

1/ Single flowers born at the base of cyme are bigger in size and less likely to shed. 

2/ 2-3 flowers born in cyme are smaller in size and more likely to shed. 



Table 2: Insect Visitorm of Egg Plant Bloom in Kathmandu Valley, Nepal 

S. No. Insect Species Family Order 

1. Nomia spp. Halictae Hymenoptera 

2. Bombus orientalis Apidae Hymenoptera 

3. Apis cerana Apidae Hymenoptera 
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Number of Each Insect Species in Sm x 5m Squares During Peak Foraging
Table 3: 

Hours on Egg Plant Bloom Values are Mean of Ten Observations +S.E. 

Number Percentage
Insect Species Peak Foraging 


Hours
 

51.95.3 +0.3900-12000Nomia .pp. 

36.33.7 +0.2Bombus orientalis 0600-0900 

1.2 +0.1Apis cerana 1000-1100 11.8 
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Table 4: Foraging Behaviour of Different Insects on Egg Plant Bloom
 
Values are Mean of Ten Observations + S.E.
 

Insect Species 
Parameter 

Nomia spp. Bombus orientalis Apis cerana 

Initiation of No specific time. 
Foraging (Time of 0721 +7 0513 +3 Made 2-4 visits 
Day) 
Cassat ion of 

every day between 
0900 to 1100 hours 

Foraging (Time of 1712 +5 1810 +5 
Day) 

Peak Foraging 
Hours (Time of 0900 - 1200 0600-0900 -

Day) 

Time Spent on 
Flower (Sec) 3.6 +1.1 7.3 +0.6 4.3 +0.3 

Number of Flowers 
visited per min. 8.2 +0.3 6.2 +0.3 7.1 +0.5 
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Table B: Hourly Counts of Number of Insect Visits per m1 Area on Egg Plant Bloom. 

Va!uee are Meain of Ten Obsmwtions + S. E. 

Insect 

Si es 5 6 6 7 7-8 8-9 

Hourly Count of Average Number of Insect Vlits 

9-10 10-11 11-12 12-13 3-14 14-19 1-16 16-17 17 18 

Nornis 

SPP 

0 0 .0.8+0.2 3.3+0.2 15.6+0.3 14.2+0.2 16.1+0.2 6.1+0.4 5.5+_0.3 2.8+0.4 3.0+0.3 1.8+0.60 

Bontbus 
onenta hs 

14+0.1 12 8+0.3 18.8+0.2 20.0+0.3 3.6+0.2 0.9+0.3 0 0 0 0.9+0.1 3.0+0.2 3.2+0.2 1.4+0.2 

Apis 
cerafla 

0 03+0.1 0 0 2.3+0.1 1.9+0.3 0 0 0 0 0.8+0.2 0 0 

12
 



Table 6: 	 Effect of Insect Pollination on Fruit Set in Egg Plant. 

Values are Mean of Ten Observations + S.E. 

Treatment Total No. of Fruits/Plant Weight/Fruit (g) 

Control 	 0 0 

Insect Pollinated 	 12.2+0.5 198.8+ 13.3 
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The widely influential United Nations Conference on Environment and Development (UNCED) 

out that despite outward success of green revolution, crop yields
held in Rio points 	

are 
resource 

or declining in many countries, rural poverty is increasing and the natural
stagnating 

This conference concluded: *Majoradjustments are needed
base isbeing seriously degraded. 
in agricultural,environmental and macro-economy policy at both national and international 

level to create the conditions for sustainable agriculture and rural development'. According 

to Food and Agriculture Organization (FAO) "Sustainabledevelopment is the management and 

conservation of the naturalresource base, andthe orientation of technological and institutional 

change in such a manner as to ensure the attainment and continued satisfaction of human 

Such sustainable development (in agriculture,
needs for present and future generations. 

forestr. and fisheries sectors) conserves land, water, plant and animal genetic resources, is 

viable and sociallyenvironmentally non-degrading, technicalh appropriate, economicall. 
acceptable 

In the context of above, 	conservation and management of native bees and the maintenance of 

industry are both essential for sustainable agriculture and rural 
a thriving beekeeping 

note in FAO Service Bulletin on
development. Swaminathan (1986) in his forwarding 
Apiculture Stated "In.spite of all global resolutions on food security, several hundred million 

children, women and men are going to bed hungry everyday, particularly in the countries of 

the 'South'. Since prospectsfor globalfood security system appearto be small at the present 

moment, it will be for the developing countries, characterized by poverty andunder-nutrition, 

to build theirown nationalfood security system. In this task, apiculturecan play a useful role. 

At every little erpenditure, honeybees will not only provide food and income; but will also 

enhance the productivity of horticulturaland otherfield crops by theirpollination activities'. 

Honeybees and other native bees play an indispensable role both in agricultural and natural 

ecosystems because pollination by bees isvital for seed production not only for the majority 

an unknown number of wild flowers. In the context of the
of our crops plants but 	also for 
sustainable development of mountain agriculture throughout Hindu Kush-Himalayan range in 
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production flow,
terms of resource base availability, resource management practices, and 

International Centre for Integrated Mountain Development (ICIMOD) has identified beekeeping 

such income, nutrition and food generating activity which offers
and pollination ecology as 

for mountain areas and is environmentally most friendly. The
comparative advantages 
pollination activities of honeybees boost the productivity of several mountain crops and help 

in the conservation of forest and grass land ecosystems (Verma, 1990, 1992 and Verma and 

Partap. 1993). 

Value of Bees and Beekeeping as Pollinator of Agricultural Crops:
Economic 

The vital role which honeybees play in the pollination of large number of cultivated crops is 

in developing countries. As a matter of fact. the main
often under estimated especially 
significance of honeybees and beekeeping ispollination, whereas. hive products, like honey and 

This isevident by the fact that income from agriculture by
beeswax are of secondary value. 

as honey and
the ,Lse of honeybees in crop pollination is many times greater than their value 

beeswax production. 

In 1976, S.E. Mc Gregor, an eminent pollination scientist in United States estimated that 'One 

third of man's diet is derived directly or indirectly from insect pollinated plants'. This 
as

includesi the animal products from herbivores feeding on insect-pollinated legumes such 
Several other economic estimates

clovers and lucerne, and vegetable oils from oil seed crops. 

of the value of honeybee pollination to agriculture in different countries o; areas of the world 

have also been worked out. For example, the value of bee pollination in crop production in 
(USDA-ARS, 1992), in

USA has been estimated more than 20 billion US dollars per annum 

Canada 1200 million Canadian dollar (Winston and Scott. 1984) and in European Community 

(EC) about 3000 million dollars (Williams, 1992). A recent FAO report indicates that in 20 

developed and developing countries of mediterranean region, these estimates are about 5200 

Taking into account only the increase in seed yield of four major
million US. dollars per year. 

returns from honeybee
crops viz. rape, cotton, tea and sunflower in China, the economic 

pollination would be more than 6billion yuan or six to seven times the direct income from bee 

products (Chen Yao Chun, 1993). No attempts have been made to assess the value of 

in other developing countries of the world, but it isundoubtably
pollination by honeybees 
considerable. 

Diversity and Economic Value of Non-Apis Pollinators: 

Besides honeybees, in recent years much attention in developed countries isalso being given 

to commercial exploitation of other insect pollinators especially bumble bees and solitary bee 

The wild bees are well known and valued as important pollinators of crops and other
species. 
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plants. In fact, in several countries some species are commercially raised and used for 
pollination of lucerne and other crops that are not pollinated as effectively by honeybees. For 
example. at present near 10-15 companies are producing bumble bee colonies, most of them 
being located in western Europe. Israel, New Zealand, USA and Canada. In 1992. they sold 
an estimated number of 300.000 colonies, representing avalue between 30 and 60 million US 

dollars (Doorn, 1943). 

The Himalayan region is blessed with a great variety of climates, which permit a wide range 
to the familiesof flora and fauna including diverse wild species of non-apis bees belonging 

Apidae. Anthophoridae. Megachilidae, Melittidae, Andrenidae, Halictidae and Colletidae. 
Throughout the world, more than 20,000 bee species have been estimated and these have been 
classified into 200 genera, 9 families and 49 subfamilies (Michner 1974). In the Indian 

A surveysubcontinent, Batra (1977) reported about 50 genera of bees belongiijg to 7 families. 
conducted by Verma and Chauhan (1985) reveals that 44 insect species belonging to 15 
families and 5 orders visit apple bloom in north-west Himalayas, and through pollination 
activity alone, yield goes up by 30 to 40 percent beside remarkable improvement in fruit 
quality (Table 3). 

Bee Pollination Essential for Diversification of Mountain Agriculture: 

Throughout the developing countries of Asia, after green revolution where major thrust has 
been upon cereal production, farmers are currently being encouraged to find other uses of their 
limited land including alternative crops, high value cash crops 'set aside', 'extensification' and 
'forestry schemes'. This specially holds true for mountain areas where green revolution hardly 
made any impact because new miracle varieties of wheat and rice were not suitable and the 
technologies that went with them were inappropriate for mountain areas. The current trend of 
diversification from traditional cereal crops to alternative high value cash crops such as fruits. 
off-season vegetables, fodder and oil seed crops will need insect pollination. Hence need for 
bees and other insect pollinators to pollinate crops isexpected to increase and not decrease in 
future. 

The diversity of cultivated mountain crop plants that are dependent on or benefitted by 
honeybee pollination are listed here: 

- Fruits and nuts 
- Vegetables and pulses 
- Cereals 
- Drugs, beverage, condiments and spice plants 
- Oil crops 
- Forage crops 

Timber trees and natural vegetation 
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Many of the mountain crops we grow in Himalayan region benefit through pollination by bees 

common benefit, as in clovers, fruit 
More fruit or seed isperhaps the most

in several ways. 
as in apple or seed ripening can be synchronized as in oil seeds rape,

quality can be improved, hybrid vigour with better
be improved, as in sunflowers and

oil content of seed can we have reviewedIn ICIMOD. 
germination and seedling establishment can be incorporated. 


the pollination requirements of major mountain crops and these findings are reviewed in
 

Table I.
 

Floral Diversity Essential for Maintenance of Sustainable Apiculture:
 

The pollination of crops and wild flowers by bees and conservation of 'natural* environment 

Crops and wild flowers need bees to pollinate them, bees need succession 
are interdependent. 
of forage from crops and wild flowers to sustain them and the natural environment to supply 

The seed produced ensures the potential for survival of its plant 
them with nesting sites. 
species. if it results from cross-pollination, the potential for survival of the plant species is 

further enhanced because the genetic interchange involve all adaptation to new and changing 

the fact that ,-zds and plants form pats of the food chain for 
environments. Further more, 

seed eating and herbivorous insects, birds and mammals.
 

/iecies as a major source of 
resources reveals 467 plant

Directory of important world honey 
.. iane and Walker, 1984). In 

pollen and nectar out of preliminary list of 2569 plant species 

the Himalayan region, our research group has identified 231 - . ,nt species belong to 74 families 

and other 273 plant species of 102 fa,..ies as medium and minor sources 
as a major source 
of nectar and pollen. Table 2summarizes the list of major honey plant resources in Himalayas. 

assisted pollen data bank/library through analysis of bee 
In ICIMOD, currently computer 

are being built.collect d pollen load and honey 

Pollution: 
Bees and Beekeeping for Monitoring Biodiversity and Environmental 

beekeeping also help in the 
Besides pollination of several cultivated crops, bees and 

Since hon(-ybees are the natural and,
conservation of natural forest and grass land ecosystems. 

thereby, most efficient pollinators of native plants. thus essential to the maintenance of plant 

biodiversity. 

In addition, building of a computer data bank/library based on analysis of bee collected pollen 
important tool for monitoring

load and honey sac contents, over a period of time can prove an 
level. Honeybees collect pollen from 

the biodiversity of botanical resources on a regional 
efficient 

almost all flowering plants in the area. The analysis of honeybee pollen is an 
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procedure to detect shift in plant biodiversity in the ecologically fragile Himalayan region to 

minor plants that have suffered a decrease in occurrence.save 

Several pollutants, such as toxic metals not only directly kill the bees but also contaminate the 
such as honey and pollen also become

bee forage and consequently, hive products 
is being explored in developedthe possibilitycontaminated (Crane, 1990). Since 1980. 

as 
countries that the bees themselves, or the material that they collect or produce, can be used 

agreat degree of success. Since the problems of 
indicators of environmental pollution with 
environmental pollution is manifold in the developing countries of this region. use of honeybee 

a very efficient and 
as a bio-indicator/biosensor or pollution survey tool might prove to be 

Native honeybees provide following advantages for monitoring biodiversity
cheap technique. 
and environmental pollution. 

- Distributed over a broad geographic area 
- Capable of providing continuous assessment 
- Easy and cost effective to measure 
- Easy to collect. assay and/or analyses 
- Sensitive to provide early warning of change 
- Relevant to ecologically significant phenomenon 
- Rich in genetic diversity 
- Sympatric in distribution 

Strategies for Conservation of Pollinator Diversity in Himalayas: 

Recentsurvey conducted by author indicates that many of the natural pollinators especially the 

Himalayan hive bee. Apis cerana populations are showing precipitous decline
domesticated 

The major threat comes from introduction of exotic Europeanthroughout the Himalayan range. 
an

honeybee species, Apis meUifera because of its allopatric distribution. In recent years, 

epidemic Thai Sacbrood Virus disease is killing large number of native hive bee Apis cerana 

and its population throilthout its native habitat is reduced to a level which is no longer viable. 

Researches conducted on this epidemic by our research group reveal that this disease mainly 

occurs because of the environmental stress caused by the habitat alternation due to agricultural 

transformation and deforestation, pesticide poisoning and human predations especially through 
economic policies and faulty

honey hunting methods. Human mismanagement, misguided 


institutions have impoverished the environment for non-apis pollinators also.
 

to follow the initiatives taken in Europe,In order to reverse the above trend, there isa need 
where the Committee of Agricultural Organization (COPA) in 1989 together with the General 

in the EC (COGECA) in 1990 commissioned two
Committee for Agricultural Co-operation 
reports to analyze the problems, need and support required by beekeeping industry in the EC. 

5 

BEST AW!IJ\BECu 



Branch of European Parliament has also set up 
Scientific and Technical Optioids Assessment 

'Bees and the pollination of crops and wild ona review committee (Corbel et.al., 1991) 
The central role played by honeybees in crop 

flowers: changes in the European community'. 
of the economic value of honeybee 

pollination has also been highlighted in recent assessment 
On the 

pollination to agriculture in USA, Canada. Europe and Newzealand (Williams, 1991). 

recommendation of these reports. additional support is now becoming available for honeybee 

research, the search for, and development of, management systems for alternative native bee 

pollinators and habitat management research within agro-ecosystems. 

to pollination in south and south-east 
There is now considerable importance being attached 

W.T, Batra (1993), an exptrt on solitary bees in U.S.D.A while 
Asian region. Suzzane Asia have identified (i) 

the need for further research on native bees of south 
stressing 

biogeography and biology of bees and their hosts at various climates in the Himalayas. (ii)
 

for crop pollination, (iv)
Oil) management of solitary bees

orchid-pollinator relationship. deforested and
of bee populations in agricultural, over grazed 

surveys and conservation habitats ofundisturbed natural 
urbanizing habitats (v) Surveys of bee species in remaining 

of native uild plants as 
(vi) detailed studies on pollination biology

selected species and 

scientifically rewarding topics in Himalayan region for further research.
 

it is,are an important natural resource base. 
A wide diversity of native bees in Himalayas 

therefore, important that as much as possible be learned because wild habitats that support rare 

rapidly and widely disappearing in Himalayas than 
bee species and that host plants are more 


elsewhere, yet relatively much less is known here.
 

more onmaintenance of bio-diversity will depend
In the future, sustainable agriculture and 

if present and future 
pollination by bees and native insect pollinators must not be squandered 

are to continue to enjoy the variety and abundance of food currently available and 
generations 

fauna and flora.
the natural environment with its associated 
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The widely influential United Nations Conference on Environment and Development (UNCED) 
held in Rio points out that despite outward success of green revolution, crop yields are 
stagnating or declining in many countries, rural poverty is increasing and the natural resource 
base is being seriously degraded. This conference concluded: "Majoradjustments are needed 
in agricultural, environmental and macro-econon policy at both national and inte-national 
level to create the conditions for sustainable agriculture and rural development'. According 
to Food and Agriculture Organization (FAO) 'Sustainable development isthe management and 
conservation of the natural resource base, and the orientation of technological and institutional 
change in such a manner as to ensure the attainment and continued satisfaction of human 
needs for present and future generations. Such sustainable development (in agriculture, 
forestry and fisheries sectors) conserves land, water, plant and animal genetic resources, is 
environmentally non-degrading, technically appropriate, economically viable and socially 
acceptable'. 

In the context of above, conservation and management of native honeybees and the 
maintenance of a thriving beekeeping industry are both essential for sustainable agriculture and 
rural development. Swaminathan (1986) in his forwarding note in FAO Service Bulletin on 
Apicultiure Stated "Inspite of all global resolutions on food security, several hundred million 
children, women and men are going to bed hungry everyday, particularly in the countries of 
the 'South'. Since prospects for global food security system appear to be small at the present 
moment, it will be for the developing countries, characterized by poverty and under-nutrition, 
to build their own national food security system. In this task, apiculture can play a useful role. 
At every little expendf;,*re, honeybees will not only provide food and income; but will also 
enhance the productivity ofhorticultural and other field crops by their pollination activities'. 

Honeybees play an indispensable role both in agricultural and natural ecosystems because 
pollination by bees is vital for seed production not only for the majority of our crops plants 
but also for an unknown number of wild flowers. In the context of the sustainable 
development of mountain agriculture throughout Hindu Kush-Himalayan range in terms of 
resource base availability, resource management practices, and production flow, International 
Centre for Integrated Mountain Development (ICIMOD) has identified beekeeping and 
pollination ecology as such income, nutrition and food generating activity which offers 
comparative advantages for mountain areas and is environmentally most friendly. The 
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pollination activities of honeybees boost the productivity of several mountain crops and help 

in the conservation of forest and grass land ecosystems (Verma. 1990, 1992 and Verma and 

Partap, 1993). 

Economic Value of Bees and Beekeeping as Pollinator of Agricultural Crops: 

The vital role which honeybees play in the pollination of large number of cultivated crops is 

often under estimated especially in developing countries. As a matter of fact, the main 

significance of honeybees and beekeeping ispollination, whereas, hive products, like honey and 

beeswax are of secondary value. This is evident by the fact that income from agriculture by 

the use of honeybees in crop pollination is many times greater than their value as honey and 

beeswax production. 

In 1976, S.E. McGregor, an eminent pollination scientist in United States estimated that "One 

third of man's diet is derived directly or indirectly from insect pollinated plants". This 

includes the animal products from herbivores feeding on insec-pollinated legumes such as 

clovers and lucerne, and vegetable oils from oil seeJ crops. Several other economic estimates 

of the value of honeybee pollination to agriculture in different countries or areas of the world 
have also been worked out. For example, the value oi bee pollination in crop production in 
USA has been estimated more than 20 billion US "ollars per annum (USDA-ARS, 1992), in 

Canada 1200 million Canadian dollar (Winston and Scott, 1984) and in European Community 

(EC) about 3000 million dollars (Williams, 1992). A recent FAO report indicates that in 20 
developed and developing countries of mediterranean region, these estimates are about 5200 

million US. dollars per year. Taking into account only the increase in seed yield of four major 

crops viz. rape, cotton, tea and sunflower in China, the economic returns from honeybee 
pollination would be more than 6 billion yuan or six to seven times the direct income from bee 
products (Chen Yao Chun, 1993). No attempts have been made to assess the value of 

pollination by honeybees in other developing countries of the world, but it is undoubtably 
considerable. 

Bee Pollination Essential for Diversification of Mountain Agriculture: 

Throughout the developing countries of Asia, after green revolution where major thrust has 

been upon cereal production, farmers are currently being encouraged to find other uses of their 
limited land including alternative crops, high value cash crops 'set aside', 'extensification' and 
'forestry schemes'. This specially holds true for mountain areas where green revolution hardly 
made any impact because new miracle varieties of wheat and rice were not suitable and the 
technologies that went with them were inappropriate for mountain areas. The current trend of 
diversification from traditional cereal crops to alternative high value cash crops such as fruits, 
off-season vegetables, fodder and oil seed crops will need insect pollination. Hence need for 
bees and other insect pollinators to pollinate crops is expected to increase and not decrease in 
future.
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The diversity of cultivated mountain crop plants that are dependent on or benefitted by 
honeybee pollination are listed here: 

- Fruits and nuts 
- Vegetables and pulses 
- Cereals 
- Drugs. beverage, condiments and spice plants 
- Oil crops 
- Forage crops 
- Timber trees and natural vegetation 

Manay of the mountain crops we grow in Himalayan region benefit through pollination by bees 
in several ways. More fruit or seed is perhaps the most common benefit, as in clovers, fruit 
quality can be improved, as in apple or seed ripening can be synchronized as in oil seeds rape, 
oil content of seed can be improved, as in sunflowers and hybrid vigour with better 
germination and seedling establishment can be incorporated. In ICIMOD, we have reviewed 
the pollination reojirements of major mountain crops and these findings are reviewed in 
Table 1. 

Floral Diversity Essential for Maintenance of Sustainable Apiculture: 

The pollination of crops and wild flowers by bees and conservation of "natural" environment 
are interdependent. Crops and wild flowers need bees to pollinate them, bees need succession 
of forage from crops and wild flowers to sustain them and the natural environment to supply 
them with nesting sites. The seed produced ensures the potential for survival of its plant 
species, if it results from cross-pollination, the potential for survival of the plant species is 
further enhanced because the genetic interchange involve all adaptation to new and changing 
environments. Further more, the fact that seeds and plants form parts of the food chain for 
seed eating and herbivorous insects, birds and mammals. 

Directory of important world honey resources reveals 467 plant species as a major source of 
pollen and nectar out of preliminary list of 2569 plant species (Crane and Walker, 1984). In 
the Himalayan region, our research group has identified 231 plant species belong to 74 families 
as a major source and other 273 plant species of 102 families as medium and minor sources 
of nectar and pollen. Table 2 summarizes the list of major honey plant resources in Himalayas. 
In ICIMOD, currently computer assisted pollen data bank/library through analysis of bee 
collected pollen load and honey are being built. 

Bees and Beekeeping for Monitoring Biodiversity and Environmental Pollution: 

Besides pollination of several cultivated crops, bees and beekeeping also help in the 
conservation of natural forest and grass land ecosystems. Since honeybees are the natural and, 
thereby, most efficient pollinators of native plants, thus essential to the maintenance of plant 
biodiversity. 
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In addition, building of a computer data bank/library based on analysis of bee collected pollen 

load and honey sac contents, over a period of time can prove an important tool for monitoring 
the biodiversity of botanical resources on a regional level. Honeybees collect pollen from 
almost all flowering plants in the area. The analysis of honeybee pollen is an efficient 
procedure to detect shift in plant biodiversity in the ecologically fragile Himalayan region to 

save minor plants that have suffered a decrease in occurrence. 

Several pollutants, such as toxic metals not only directly kill the bees but also contaminate the 

bee forage and consequently, hive products such as honey and pollen also become 

contaminated (Crine, 1990). Since 1980, the possibility is being explored in developed 
countries that the bees themselves, or the material that they collect or produce, can be used as 
indicators of environmental pollution with a great degree of success. Since the problems of 
environmental pollution is manifold in the developing countries of this region, use of honeybee 
as a bio.-indicator/biosensor or pollution survey tool might prove to be a very efficient and 
cheap technique. Native honeybees provide following advantages for monitoring biodiversity 
and environmental pollution. 

- Distributed over a broad geographic area 
- Capable of providing continuous assessment 
- Easy and cost effective to measure 
- Easy to collect, assay and/or analyses 
- Sensitive to provide early warning of change 
- Relevant to ecologically significant phenomenon 
- Rich in genetic diversity 
- Sympatric in distribution 

Strategies for Conservation of Honeybee Diversity in Himalayas: 

Recent survey conducted by author indicates that many of the natural pollinators especially the 
domesticated Himalayan hive bee, Apis cerana populations are showing precipitous decline 
throughout the Himalayan range. The major threat comes from introduction of exotic European 
honeybee species, Apis mellifera because of its allopatric distribution. In recent years, an 
epidemic Thai Sacbrood Virus disease is killing large number of native hive bee Apis cerana 
and its population throughout its native habitat is reduced to a level which is no longer viable. 
Researches conducted on this epidemic by our research group reveal that t.is disease mainly 
occurs because of the environmental stress caused by the habitat alternation due to agricultural 
transformation and deforestation, pesticide poisoning and human predations especially through 
honey hunting methods. Human mismanagement, misguided economic policies and faulty 
institutions have impoverished the environment for bees and beekeeping. 

In order to reverse the above trend, there is a need to follow the initiatives taken in Europe, 
where the Committee of Agricultural Organization (COPA) in 1989 together with the General 
Committee for Agricultural Co-operation in the EC (COGECA) in 1990 commissioned two 
reports to analyze the problems, need and support required by beekeeping industry in the EC. 
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Scientific and Technical Options Assessment Branch of European Parliament has also set up 
a review committee (Corbet et.al., 1991) on "Bees and the pollination of crops and wild 
flowers: changes in the European comnnir.v. The central role played by honeybees in crop 
pollination has also been highlighted in recent assessment of the economic value of honeybee 
pollination to agriculture in USA, Canada. Europe and Newzealand (Williams, 1991). On the 
recommendation of these reports. additional support is now becoming available for honeybee 
research, the search for. and development of, management systems for beekeeping and habitat 
management research within agro-ecosystems. 

A wide diversity of native bees in Himalayas are an important natural resource base, it is, 
therefore, important that as much as possible be learned because wild habitats that support rare 
bee species and that host plants are more rapidly and widely disappearing in Himalayas than 
elsewhere, yet relatively much less isknown here. 

In the future. sustainable agriculture and maintenance of bio-diversity will depend more on 
pollination by honeybees and native bee species must not be squandered if present and future 
generations are to continue to enjoy the variety and abundance of food currently available and 
the natural environment with its associated fauna and flora. 
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POLLINATION TECHfINOiLOGY FOH VEGETABLE SEED PRODUCTION 

Pollination is the transfer of pollen grains from the male part of the flower
 
known as the anther to the fnmale part celled stigma. A plant is known to be
 
self-pollinated when the polnation of its flower is by itsuown pollen and it
 
Is cross-pollinated when it needs pollen from another plant of the same
 
species to effect fertilization. Fertilization is the result of the union of the
 
male nucleus of the pollen grain with the female nucleus of the egg of the
 
ovule. The ovule after fertilization develops into the seed.
 

S IJ .. Cvo0- "'", 

sFos 

*ourex:Crane (198o) 

Many vegetable crops do not produce seeds or fr. ts without cross
pollination of their flowers. Cross-pollination of such crops by honeybees is

the most effective and cheapest method of Increasing their yield. Cross
pollination by honeybees stimulates germination of pollen grains, Increases 
viability of seeds and embryos, enhances resistance to diseases, ensures 
uniform seed set and Increases number and size of needs.
 

It is not only the cross-pollinated varieties which are benefitted by

honeybees: the self-pollinated varieties also produce more and better quality

seeds when cross-pollinated. The flowers of these crops, in turn, provide the

bees with nectar and pollen which they use for brood rearing, making honey and
 
other hive products.
 

Vegetable crops which are benefitted by bee pollination 

Asparagus Cucurbits such as pumpkins, onion
 
Broad bean squash, musk melon, water Pepper green

Carrot melbn, cucumber, bottle Radish
 
Cole crops such as gourd, ridged gourd, bitter Tomato
 
cauliflower, cabbage, gourd etc. Turnip
broccoli, etc. Lettuce 
Chilies Mus tard 

Managing honeybee colonies for pollination
* Larger and stronger colonies with at least 7-8 frames coveredwith bees in
the hive should be used. 

, In general 4-5 colonies of local hive bee, Apis cerana/hectare of crop are 
recommended for efficient and sufficient pollination. 
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0 For effective pollination, bee hives should be placed singly Instead of In 
groups in the field. 

Bee colonies should be placed in the field when 5-10 percent of the crop is 

In bloom. 

ISOLATION DISTANCE IN RELATION TO PURE VEGETABLE SEED PRODUCTION 

Cross-pollination by honeybees helps in increasing the yield and quality of 
vegetable seeds. This activity of honeybees also hampers pure seed 
production in such crops due to Intercrossing. By providing the necessary 
Isolation distance between diffcrent cultivars of the same crop, crossing and 
contamination is avoided. Such isolation distance varies from 193-214 m for 
different vegetable crops. 

REDUCING PESTICIDE POISONINU TO BEES (F~ig. 2 and 3)
6 

Beekeeping and pesticides are both essential Inputs for modern vegetable 
seed production technology. By ignoring either of these two, vegetable seed 
production is seriously impaired. However, a conflict often arises when 
pesticides are applied to a crop at an Inappropriate time or by inappropriate 
means. 

Following strategies are recommended for proLecting bees against pesticide 
polsoning: 

" Pesticide applications should not be
 
applied during the blooming period.
 

" Pesticides with short residual effects
 
should be selected. , , ,,i
" 	 Educate vegetable growers and ,, ,.'i _ I... 

beekeepers properly abouL pesticide '. - '"
 
application schedules. 

" Recommend selective pesticides over
 
broad-spectrum ones. 'zj
 

* 	 Apply pesticides either during night or .
 
early morning hours when bees are ot
 
flying. 

* 	 Spray or liquid formulations are safer 
to bees than dust or wettable powder 	 __ 
formulations.
 

* Keep colonies one kilometre away from 	 .'- -

the site of spray. This reduces bee
 
mortality ninefold.
 

* 	 Encourage an Integrated pest Aq_. 
management programm6. 

Prepared by: P.of. L.R.YVEMA AJD VmA PAOTAP Presentation Date: April 21, 1992
 
Third Draft Date: April 21, 1992
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Honey and Honeybees in Forest Ecosystem 

L. R. Verma 
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Honey as a natural sweet forest product of the bee nest has been treasured by man from ancient 
times in India due to its high nutritional and medicinal value. The most important raw material 
for honey is nectar and other natural plant exudations. In India, about 50 percent or more of 
honey is harvested from wild colonies of Apis cerana F., Apis dorsata F. and ApJs florea F. 
found in forests. Keeping in view, the total area of the country as well as the potential for 
beekeeping development in India, it has been estimated tLat there isenough bee forage in terms 
of wild plants and cultivated crops to support 5 million bee colonies. This would mean 
substantial and reliable income to tribal and rural population in India. About 80 percent honey 
in India is used as table honey and the remaining in bakery, confectionery, cereal foods, baby 
foods, tobacco, pharmaceutical and cosmetic industries. Besides honey,other important bee 
product in forest areas is beeswax which also has commercial value for cosmetic, industrial and 
beekeeping purposes. 

Honeybees are the most efficienj micro-manipulators of pollen in nature and this forest product 
can easily be harvested by putting a pollen trap at the entrance of bee hive. Pollen is now 
becoming popular for human consumption as nutritional and therapeutic dietary supplements. 
Keeping in view the growing demands for vegetarian food, the use of pollen as protein 
supplement in the human diet will become more important. However, pollen collected by
honeybees has not been exploited for commercial uses in India. In developed countrics, the 
value of different bee products harvested from forests are three times more than from cultivated 
crops. This paper will deal at length the major constraints and potentials for commercial 
production of these bee products from different forest ecosystems in India. 

Besides above, honeybees also contribute immeasurably through cross pollination to the 
maintenance of wild-life, prevention of soil erosion, conservation of diversified germ-plasm and 
in enhancing the carrying capacity of forest ecosystems. In forest community, these social 
insects ensure the reproduction and propagation of many tnder storey herbs and shrubs. In 
ICIMOD, we now plan to build computer assisted pollen uata bank/library through analyses 
of bee collected pollen loads and honey. This may prove highly useful and efficient tool for 
monitoring bio-diversity in forest ecosystems. 



Impact of Food Resource Availability on Growth and Development 

of Apis cerana in Kathmandu Valley of Nepal 

Uma Partap and L.R. Verma 

Centre for Integrated Mountain Development (ICLMOD)International 
P.O. Box 3226, Kathmandu, Nepal 

The Asian hive bee, Apis cerana is more close to the tropical African honey bee Apis mellifera 

and e,'-,nomic characteristics. Unlike temperate races of Apis
scutellata in certain biological 

native honeybees raise brood throughout the year, exhibit 
mellifera, these tropical/subtropical 

and have frequent absr;onding
no tendency to amass large 	food resources for winter survival 

races of Apis melliferagrowth and development of temperateand swarming habits. Seasonal 
1985; Winston, 1987). In recent years, scientific

have been studied in great details (Seeley, 
on Apis mellifera scutellata after its introduction and spread in western hemisphere

research 
and Blyther,

has also drawn the attentions of several researchers (Rinderer, 1988; Schneider 
1992). However, Apis cerana

1988, McNally and Schneider, 1992, Schneider and McNally, 
with extinction throughout itsand is threatenedstill remains scientifically 	 neglected species 

as
entire range despite its great potentials for commercial purposes especially a pollinator of 

agricultural crops (Verma, 1990). 

In the present investigations, seasonal cycles of growth and development of Apis cerana under 

valley, Nepal have been investigated where beekeeping
ecological conditions of Kathmandu 
with this native bee species is a centuries old tradition. 

Materials and Methods 

Seasonal Patterns of Forage Availability 

This study was conducted from September 1991 to August 1992 in Kathmandu valley of Nepal 

m level). Climate of the
(Latitude 27'70', Longitude 85033' and Altitude 1336 above sea 

_+20C in summer and 16 + 2°C in
valley is sub-temperate with maximum temperature 34 

winter and annual rainfall 1261 mm. Winters are generally dry and rainfall from Juneoccurs 

to September. 

estimated by conducting monthly vegetational surveys of the number
Forage availability was 

Such survey for trees and shrubs was conducted in 3
of blooming trees, shrubs and weeds. 

total
plots of 1000 m' square area around three apiaries located 5 km apart. Each month 

The utilization
number of blooming trees 	and shrubs was recorded around each apiary site. 

was determined through direct observations or through published
of a species by honeybees 
reports of plants visited by Apis cerana (Kafle, 1984, Maskey, 1992). 
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Vegetational surveys for weeds/annuals were conducted by establishing 30 transacts 25 mlong: 
10 transacts around each apiary. After every three weeks, the total number of blooming weeds 
were counted throughout the year. Each species of blooming plant was assigned a "bloom 
value" according to the method of McNally and Schneider (1992). These authors used the 
following scale for the estimated number of flowers per plant. I(1-100): 2(101-500), 3(501
1000): 4(1001-2000) as S(> 2000). Each month, the bloom value for all individual plants were 
totaled for each plot and transact. 

Food resource availability pattern in the present investigation was further supplemented with 
colony performance index (CPI) studies based on numoer of foragers returning with pollen 
loads in different hours of the day as well during different months of the year. These 
observations were also taken at an interval of three weeks and CPI was calculated as follows 
using the method of Punchiheva et al. (1990). 

2
 
(Fp)
 

CPi =- x 100
 
T d, x F,
 

FP = Total number of foragers returning with pollen loads 

Ft = Total number of returning foragers 

T,, = Observational period in seconds 

According to Punchihewa et al (1990), one of the distinct characters of acolony inpreparation 
for absconding is the reduced number of pollen foragers. 

Seasonal pattern of colony growth, development and movement 

Experiments were performed on 20 observational colonies kept in Kathmandu city (study site 
I), Godamchor (study site 11) and in Godavari (study site I11) located at 5 km from one another. 
To determine seasonal/annual cycle of colony growth and development observations recorded 
on total comb area (in cm2) and the proportion of comb area devoted to brood rearing and food 
(honey and pollen) after every three weeks. 

In order to know whether acolony exhibited characteristics of reproductive swarming, colonies 
were examined every week. and counted number of queen cells constructed by the colony and 
area (cm2) under drone brood was recorded, because acolony isconsidered to be preparing for 
reproductive swarming it has constructed queen cells and drone brood. Further, we also noted 
if acolony is recently swarmed if it has a reduced worker population and remanents of queen 
cells from which virgin queen had recently emerged. Moreover we also noted if the recently 
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or failed to requeen by observing if it had a queen
swarmed colony is successfully requeened 

and eggs present or not. 

also examined the other characteristics of the colony which are 
In addition the above, we 

et al (1979); Schneider (1990)
related to absconding. According to Woyke (1976); Winston 

the egg laying activity of queen is reduced and workers start consuming younger larvae and 

food resources several weeks before absconding. So the colonies preparing for absconding 

few eggs, no young larvae and increasing amount of empty combs. A colony is 
contain area isfourth of the total comb 
considered to be preparing for absconding if (i) less than one 

or no young larvae 
devoted to brood, (ii) brood consists mainly of eggs and pupae with few 

So we compared the absconding oris empty. non 
and (iii) at least half of the comb 

absconding colonies with respect to (i) proportion of comb area devoted to brood and food and 
for absconding

(ii) CPI values. This comparison was restricted to the colonies nreparing 

because once the colony is absconded it leaves behind no food and brood. 

All the data are analyzed statistically using students 't' test. 

Results 

Table 1, lists important pollen and nectar plants blooming during different months of the year. 

Table shows that the bee forage isavailable during all the months of the year however relative 
areMean bloom values for trees, shrubs and weeds

abundance of flowering plants varies. 
This figure shows that relatively more forge was available during March

plotted in Fig 1 (A). 
these months most of the colonies (10% - 50%) showed the 

to October. It is during 
showed the char cteristicb ofSome colonies (10%)characteristics of swarming Fig. 1(B). 

During the months of November to February comparatively less 
swarming even in February. 

available and the colonies did not show any characteristics of swarming.
forage was 

During the months from March to November colonies stored more food (pollen and nectar) and 
- 50% of the total comb area was devoted to 

reared more brood. During these months 30% 
- 60% of the total comb area was devoted to brood

food (pollen and honey) storage and 40% 
rering Fig. 1(C). During the months of December to February only 6-35 percent of comb area 

was devoted to brood rearing and 20-35 percent of the comb area was devoted to food storage. 

Colony performance index (CPI) of the colonies also showed higher values during these 
earlier CPI of a colony depends upon the

months ie. March to November. As mentioned 
number of foragers bringing pollen and this ultimately related to the forage availability to bees 

and amount of brood. During these months CPI values ranged between 8 to 18 with maximum 

in September. During other months of the year (December-February) CPI values were below 

5 with minimum value 0.5 in January (Fig. 2). 

Apis cerana colonies preparing for
Swarming occurred during different months of the year. 


swarming showed the characteristics such as queen cell construction and drone brood rearing.
 

Of observational colonies 10% swarmed in February, 50% in March, 20% in April, 10% in
 

July, 20% in August and 40% in October (fig. 1A) showed
May 20% in June, 20% 
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characteristics of reproductive swarming. Four colonies swarmed in March and four in 
October. All the colonies which swarmed were successfully requeened. 

Absconding in present study occurred in March, April and November. 40% colonies 
absconded in March and 20% each absconded in April and November (Fig I (B). Colonies 
which were infected with virus either absconded or tried to abscond. Seasonal migration 
absconding did not occur during the present study and the absconding occurred was not related 
to the unavailability of floral resources. 

We also compared the proportions of comb area devoted to pollen, honey and brood rearing 
and CPI of the normal and absconding colonies for the month of February because most of the 
colonies absconded in the March. Data is presented in table 2. Non absconding (normal)
colonies had significantly more comb area devoted to food (nectar and pollen) storage and 
brood rearing and higher CPI value as compared to the absconding colonies. 

Discussion 

The Asian hive bee Apis cerana showed distinct pattern of growth and development in 
Kathmandu valley of Nepal which was associated with the changes in the availability of floral 
resources in the valley. During the months from March to November when sufficient forage 
was available to the bees, colonies collected maximum amount of pollen and nectar, reared 
maximum amount of brood and then swarmed (Fig. I A, B and C). CPI of the colonies was 
also higher during these months (Fig 2). During the months from December to February 
relatively less forage was available to the bees and therefore during these months the colonies 
reared less brood and did not reproduce except for the month of February during which few 
(only 10%) of the colonies exhibited characteristics of swarming (Fig. I A, B and C). 

Availability and collection of food (i.e. pollen and nectar) has been shown to affect the growth 
and development of bee colonies. A significant positive correlation between the amount of 
pollen stored and brood in Apis meUifera colonies was observed by Rosenthal et al (1971), Al-
Tikrity et al (1972) and McNally and Schneider (1992). Pollen collection and honey yield is 
also reported to have a significant positive correlation with prolificness in this bee species 
(Cale, 1968; Moeller, 1958). 

Similarly, in Apis ceranaalso, Verma et al (1985) reported that the prolificness and total brood 
area was positively correlated with the pollen stores, honey yield as well as with the foraging 
efficiency of the colonies, these workers also found asignificant positive correlation between 
the foraging efficiency and the prolificness in this bee species. Similarly Woyke (1976)
reported a significant positive correlation between the honey yield and brood rearing capacity 
in Apis cerana indica and reported that the nectar and pollen flow enhances the brood rearing 
in colonies of this bee species. Reddy (1980) also found the direct effect of pollen stores on 
brood rearing capacity of Apis cerana indica colonies 
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Table 1: List of important nectar and pollen yielding plants flowering during different 

months of the year at different study sites in Kathmandu valley of Nepal 

MONTH 	 TREES AND SHRUBS 

January 	 Dalbergia sissoo, Ervoboirva spp. 

February 	 Adhatoda vasica, Berberis spp., 
Castanopsis spp., Citrus spp., 
Eriobotrya spp., Pyracantha 
crenmulata, Prunus cornuta 

March 	 Adhatoda vo. ica, Albizzia lebbek, 
Berberis aristata,B. asiatica, 
Bauhina variegata, Buddleia asiatica, 
Cinnamomum camphora, Citrus spp., 
Dalbergia sissoo, Eriobotrya spp., 
Eucalyptus spp., Leucosceptrum 
canum 

April. 	 Bauhinia variegata, Callistemn qi 
lanceolatus, Citrus spp., Grevillia 
robusta, Jacarandamimosifolia, 
Melia azedirach, Rubus ellipticus 

May 	 Berberis aristata,B. asiatica,
Bauhinia variegata, Callistemon 

lanceolatus, Grevillea robusta, 
Jacarandamimosifolia, Melia 
azedarach, Psidium guajava, Rubus 
ellitpticus 

June 	 Berberis aristatq, B. asiatica, 
Jacarandaminosifolia, 
Lagerstroemia spp., Psidium guajava, 
Rubus spp. 
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Carthanus tinctorius, 
Chenopodium spp.. Colebrookia 
oppositifolia, Datura spp., 
Occimum spp. 

Brassica nigra, Brassica oleracea, 
Brassica rapa, Calendula spp., 
Carthamus tinctorius, 
Chenopodium spp., Colebrookia 
oppositifolia, Datura spp., 
Fragariaindica, Medicago sativa, 
Ocimum spp., Rosa spp., Solanum 

spp., Trifolium repens, Vicia spp. 

Berberis spp., Brassica nigra, B. 
oleracea, B. rapa, Calendula spp., 
Cannabis sativa, Chenopodium 
spp., Colebrookia oppositifolia, 
Coriandrum sativum, Datura spp., 
Fragariaindica. 

Brassica campestris, Brassica 
oleracea, Brassica rapa, 
Calendula spp., Coriandrum 
sativum, Trifolium repens. 

Brassica campestris, Cannabis
sativa, Coriandrum sativwm, 

Cucumis sativus, Lagenaria 
siceraria, Trifolium repens. 

Brassica campestris, Cannabis 
sativa, Cucurbita spp., Lagenaria 
siceraria,Luffa aegyptico, 
Trifolium repens 



July Cassia spp., Castanopsis spp., 
Eucalyptus spp.. Psidium guajava, 
Punica granatum, Rubus ellipticus, 
Vite spp. 

August Bauhinia purpurea, Callistemon 
lanceolatus, Castanopsis spp., 
Eucalyptus spp., Lagerstroemia spp., 
Punica granatum, Rubus ellipticus, 
Vitex spp., Zizyphus spp. 

September Bauhinia purpurea, Castanopsis spp., 
Eucalyptus spp., Lagerstroemia spp., 
Poinsettiapulcherima, Rosa spp., 
Rubus ellipticus, Vitex' spp. 

October Bauhinia purpurea, Eucalyptus spp., 
Poinsettiapulcherima, Rubus 
ellipticus, Viter spp. 

November Bauhinia purpurea, Eriobotrya spp., 
Prunus cerassoides, Rosa spp. 

December Bauhinia purpurea, Eribotrya spp., 
Prunus cerassoides 

Brassica campestris. Allium spp., 
Cannabis sativa, Capsicum spp.. 
Chrysanthemum spp.. Cucurbita 
spp., Lagenaria siceraria, Luffa 
aeg.ptica, Ovalis corniculata, 
Solanun spp., Trifolium repens. 

Allium spp., -.annabis sativa. 
Capsicum spp., Chrvsantheinum 
spp., Fagopyrum spp., Luffa 
aegyptica, Oxalis corniculata, 
Solanum spp. 

Cannabis sativa, Capsicum spp., 
Chrysanthemum spp., Eleusine 
coracana, Fagopyrum spp., Salvia 
spp., Solanum spp. 

Brassicajuncea, Cannabis sativa, 
Chrysanthemum spp., Eleusine 
coracana, Fagopyrum spp., Oxalis 
corniculeta, Solanum spp. 

Brassicajuncea, Cannabis sativus, 
Chrysanthemum spp., Fagopyrum 
spp., Oxalis corniculata, Solanum 

spp. 

Cannabis sativus, Chenopodium 
spp., Oxalis spp. 



Seasonal Patterns of Foraging Activity in Colonies of 

Asian Hive Bee Apis cerana F. in Kathmandu Valley of Nepal 
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Introduction 

Information about the foraging behaviour of Apis cerana under the agro-climatic conditions of 
an area is important for developing appropriate apiary management practices in order to make 
this bee species commercially more viable. Very little is known at present in the literature 
covering this subject compared to volumes of material/information specific to Apis mellifera. 
Kathmandu valley of Nepal offers good potentials for beekeeping with Apis cerana due to 
sustainable climatic conditions and diversity of bee floral resources available throughout the 
year. Maskey (1992) and Kafle (1984, 1992) have listed the pollen and nectar yielding plants 
of Kathmandu valley of Nepal. However detailed systematic studies on foraging behaviour of 
this native bee species, under the agro-climatic conditions of Kathmandu valley on 
monthly/seasonal basis as well as in relation to brood production and reproductive swarming 
has not been made. In the present paper, the results of these studies are reported. 

Materials and Method 

The study was conducted from September, 1991 to August, 1992 at ICIMOD apiary located 
' in Kathmandu valley of Nepal (lat. 27'70 long. 85033 ' , alt. 1336 m above sea level). 

Foraging activity was investigated using a total of seven colonies of Apis cerana. Strength of 
these colonies varied from five to ten frames covered with adult bees depending upon the 
availability of flora and weather conditions during the different months of year. During good 
honey flow season, all colonies were provided with supers. Any colony showing sign of 
disease (especially sac brood virus disease) or mite attacks were excluded from the experiment. 

Foraging activity patterns and its relationship to brood production, prolificness and reproductive 
swarming were examined by estimating the following activities during different months. 

- initiation, ceskation and peak hours of foraging 
- percentage of pollen collecting bees during different hours of the day 
- number and duration of foraging trip/day 
- weight of pollen loads collected during different hours of the day 



ratio of pollen and nectar collectors during different hours 
drone rearing and queen cell construction 
percent comb area covered under honey, pollen and brood 

prolificness 

hive inInitiation and cessation of foraging activity was studied when first bee left the the 

morning and last bee returned in the evening. Peak hours of foraging activity %kereestimated 

by conducting five. 3-minutes counts every hour throughout the foraging period of the day. 

Duration of each furaging trip was determined by marking 25 foraging bees with numbered 

disc markers and recording the amount of time spent by each forager outside the hive during 

a single foraging trip. Number of trips each bee made per day were also monitored in a similar 

way. 

Weight of pollen loads carried by returning bees were determined according to the method of 

Frisch (1967). In order to differentiate between nectar and pollen collectors, returning bees 

were collected with the help of an aspirator at the hive entrance and frozen to prevent 
The frozen bees were sorted out for the type of forage followingregurgitation of the nectar. 

the method of Erickson et.al. (1973). 

and total brood were estimated at anProportions of comb area devoted to pollen, honey 
interval of 21 days, for all experimental colonies using a grid fixed on a frame and expressed 

in sq. cm (AI-Tikrity et. al 1971). Similarly estimation of egg laying rate in Apis cerana were 

made by multiplying total brood area on 21st day by a factor of four because this bee species 

makes 4 cells in one sq.cm of brood comb. Dividing this figure by 21 gives an estimate of 

daily egg laying rate by a queen bee. Presence of queen cells and drone brood area was also 

monitored on every 21st day. 

Results 

Figure 1 shows that May, June and July were the most active foraging months for Apis cerana 

because this bees species started foraging early in the morning during these months (range 

0523 to 0536 h) and ceased late in the evening (range 1847 to 1902 h). Thus daily total 

foraging hours during these months varied from 13.36 to 13.56. On the contrary, November, 

December and January were the slack months for bees activities because this species started 

foraging late in the morning (range 0647-0702 h) and ceased early in the evening (range 1727 

to 1747 h) and daily foraging hours varied from 10.35 to 10.45 h. 

Peak hours of foraging activities as judged by number of incoming bees per minute during 

different hours of the day varied in different months. For example, during May-June, peak 

foraging hours were observed at 0900 h but in December, same were at 1300 h. Environmental 

temperatures and relative humidity during peak hours in May-June were 25 to 29'C and from 

64 to 97 per cent whereas in December these climatic parameters varied from 17 to 200C and 

59 to 70 percent respectively. 
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Maximum total brood area (2505 to 2895 sq cm) and egg laying rate (range 477-551 eggs per 

day) were observed during May-June or September-October and minimum during December 

and January (total brood area range 341-698 sq cm daily prolificness range 65-133). 

Maximum comb area covered under pollen was observed during October-November or 

February-March (583-753 sq cm) and minimum in December and January (122-162 sq cm). 

Maximum area under honey and total food (honey+pollenstores) was in May and October to 

December (1624-2529 sq cm) and minimum in January. Throughout the year. more area was 

under brood than under pollen but total food area (honey +pollen) more than total brood area 

throughout the year. 

Data on colony performance index (CPI) calculated on the basis of number of incoming 

foragers revealed that May and July to September showed CPI values greater than 12 and these 
values were minimum during December to February (0.7 to 4.2). 

During the months of July to September, maximum strength of (10 frames) colonies was 

observed and during January the strength of the colonies were minimum 6 frames. Apis 

cerana colonies constructed maximum number of queen cells in March: from June to August 
and in October and drone brood also covered maximum area during these months. 

The lowest temperature recorded when Apis cerana initiated its foraging activity in the morning 
varied from 4 to 8°C with relative humidity range from 95 to 100 percent during November, 
December and January. The lowest temperature recorded when this bee species ceased 
foraging activities was 16'C in the evening and relative humidity ranged from 65 to 70 percent. 

On an average, Apis cerana carried heaviest pollen loads at noon hours than in the morning 
or evening hours. Also heavier pollen loads were collected from May to September (range 8.7 
to 11.2 mg) and minimum values for pollen loads collection were recorded during January and 
February (5.2 to 6.6 mg). 

Number of foraging trips per day varied from 6 to 12 with maximum in April-May and August 
to November (IG-12) and minimum during January and February (6-8). The duration of each 
foraging trip differed from 20 to 28.2 minutes during different month of the year. 

At 0900 h, pollen collectors outnumbered nectar collectors except in December, January and 
Feb; at 1200 h either this rate was equal in March to May and July or pollen collectors out 
numbered nectar collectors (July, August, October and November) except in December, January 
and September when nectar collectors exceeded the rate of pollen collectors. At 1500 hrs 
nectar collectors outnumbered pollen collectors from March to August and September, ratio 
was equal in November and in October pollen collectors exceeded the rate of nectar collectors. 

Discussion 

Results of the present investigation show that the foraging behaviour of Apis cerana in 
Kathmandu valley of Nepal isgreatly influenced by the environmental factors which also affect 
the forage availability to honeybees (Kafle, 1991). Initiation, cessation and peak hours of 
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foraging activity occurred much earlier in summer months than that in winter months. 
Duration of foraging is also longer in summer months than that in winter months. This is 
because of the environmental factors such as temperature. relative humidity and day length. 
In summer. the days are long so bees could work for long time starting early in the morning 
and ceasing late in the evening. In winter, the days (day length) is short and mornings and 
evenings are very cool for the bees to forage. 

Another reason for this seasonal change in foraging activity is the seasonal variation in the 
timing ot nectar'pollen production by the plants which is influenced by the environmental 
factors such as temperature, relative humidity and rainfall. Butler (1974) reported that 
differences in environmental conditions account for the differences in nectar secreted by the 
flowers of even the same variety of apple trees in different areas. Other investigators also 
reported that temperature seems to be a particularly important factor in limiting both nectar and 
pollen availability (Hambleton, 1925: Shuel, 1955; Wafa and Ibrahim, 1957;1958). 

Second main finding is that in Kathmandu valley of Nepal. honeybecs Apis cerana could 
forage and that these collected pollen (however less in winter) during each month of the year. 
Pollen collection dominated foraging activity can be positively correlated to the brood rearing 
activity. This pollen provides the protein and fats necessary for brood rearing (Winston, 1987). 
Colonies of Apis cerana collected more pollen during March-November and reared more brood 
during these months whereas during December-February less pollen was available for the 
colonies and these could rear less brood (figure .... ). 

Colonies during March to November collected and stored much food (pollen and nectar). 
During these months bees also reared much brood. During December-February bees stored less 
food and reared less brood. Thus there existed a positive correlation between food storage and 
brood rearing (figure 3). Moreover much forage/floral resources were available to these bees 
during March-October, but during December-February forage availability to bees were scarce. 
Another important factor of winter was very low temperatures due to which bees could not 
collect sufficient food. 

The observational/experimental colonies showed some important characteristics of the seasonal 
activity patterns. First as explained earlier, colonies can forage throughout the year. This 
prolonged foraging season may contribute to (i) increased brood rearing (fig.3) and (ii) 
reproductive swarming (table 4). The experimental colonies showed brood rearing activity in 
all the month of the year (even in very cool months of December and January). Extended 
periods of brood rearing in turn resulted in reproductive swarming (table 4); which is 
considered as the most undesirable characteristic of Asian honeybee Apis cerana. 
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A Framework for R &D on Beekeeping 

with Asian Hive Bee Apis cerana 
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International Centre for Integrated Mountain Development 

(ICIMOD), P.O. Box 3226, Kathmandu, Nepal 

Introduction 
Beekeeping isbecoming an important component of present strategies 
for sustainable mountain agriculture and integrated rural development 

programmes. 
The role ofbeekeeping in providing food, nutritional, economic and ecologi

cal security to rural communities, especially those living in the developing 
countries of Asia, cannot be overlooked as it has always been linked with the 
cultural and natural heritage of rural communities. This, being a non-land 
based activity, does not compete with other resources demanding components 
of farming systems. At micro level, beekeeping is an additional income
generating activity and a' macro-level, investment may be quite high but there 
is greater use of temporal and spatial diversity of natural resources such as 
pollen and nectar that otherwise go unutilised. 

The pollination activities of honeybees are an important integration func
tion, as they contribute to the sustainability and diversity of agricultural and 
botanical resources in general, and thereby contribute to increased productivity 
and environmental health (Verma, 1990 a). 

The South and South-East Asian region is rich in honeybee species and 
genetic diversity. Amongst the different honeybee species, the Asian hive bee 
Apis ceranaisequivalent to the European honeybee, Apis inellifera because both 
can be domesticated and build parallel combs. Great strides in modernising 
beekeeping with the native and exotic honeybee species are being made in 
different eco-geographic zones (temperate, sub-temperate, and subtropical) of 
the region. 

BEST AVAILABLE DOCUMjErI / /! 
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China at present is one of the major producer and exporter of honey and 

other hive products in the world. Similarly, India, has taken the lead in South 

and South-East Asia utilising honeybees for pollination purposes to boost yield 

and improve quality. In other countries of the region initiative efforts are being 

made to develop beekeeping on modern scientific lines. However, due to 

constraints such as lack of basic infrastructure, skilled manpower, training 

extension facilities or basic and applied research programmes, the situation is 

far from satisfactory despite ideal climatic conditions and availability of diverse 

floral resources throughout the year. It is in the light of these observations, an 

attempt has been made in the present paper to suggest a practical framework 

for the improvement of Apis ceranabeekeeping in Asia (Verma, 1992 a). 

The Amount of Apis cerana Genetic Diversity 
The genetic diversity of Apis mellifera has been organised into 24 sub-species 

having varied economic usefulness. These sub-species are adapted to a wide 

range of ecological conditions and at latitude ranging from 0° at equator to 

latitude as high as 50"N and 30"S.So far only four sub-species of Apis cerana are 

recognised, although there may be several more because of its wide range of 

geographic distribution (Ruttner, 1987). 

Our research group in ICIMOD has successfully identified genetic variance 

in morphological characters of Apis ceranaand confirmed the accepted distribu

tion of A.cerana sub-species in the Himalayan region. These sub-species have 

L-en named as A cerana cerana, A himalaya, A cerana indica (Verma, 1992b.) 

Ac-ording to a survey conducted by bee Ecientists in China, five different sub

species of A cerana representing different eco-geographic zones have been 

identified. These include A cerana cerana, Apis cerana skorikovi, Apis cerana 

abarmnsis,Apis ceranahainanensisand Apis ceranaindica. (Zhen-ming et.al., 1992). 

Each sub-species has further locally adapted populations called ecotypes 

which differ from each other in several biological and economic characters. For 

example, we have successfully identified three edcoiypes of sub-species Apis 

cerana Himalaya that correspond to geographic distribution in the Naga and 

Mizo Hills, Brahmpu tra valley and Khasi Hills, and the foothills of the NorthEast 

Himalayas (Singh, et.al., 1990). at similar lines, Chinese bee scientists have also 
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classified sub-species Apis ceranaceranainto 5 ecotypes namely, Guangdong-
Guanxi type, Yunan type, North China type and Changbaishan type (Zhen
ming et al,. 1992). 

In some parts of Hindu Kush Himalaya, Apis ceranacerana matches Euro
pean hive bee Apis mellifera in commercial use value and has spectacular 
potentials for further genetic improvement by selective breeding and molecu
lar research. 

How much Genetic Diversity is Being Lost 
Despite its economic usefulness, beekeeping with native Asian hive bee, Apis 
cerana is suffering precipitous decline and is threatened with extinction in its 
entire native habitat. For example, in Japan, beekeeping with Apis cerana has 
been completely replaced by European hive bee Apis mellifera and only a few 
beekeepers and research institutes are raising Apis ceranacolonies (Sakai, 1992). 
In China out of more than 8.5 million colonies of honeybees kept in modem 
hives, 70 per centare European Apismelliferaand only 30 per cent are native Apis 
cerana (Zhen-ming et. al., 1992). Similarly in South Korea, only 16 per cent 
beekeeping is with native Apis ceranaand the remaining has been replaced by 
exotic Apis mellifera (Choi, 1984).
 

Recent survey conducted by author as a part of USAI) 
 funded regional
 
Project in ICIMOD reveal that in Hindu Kush- Himalayan countries, beekeep
ing with native Apis cerana is being replaced by Apis mellifera at such a fast rate
 
that populations of native Apis ceranais declining to a level that is no longer 
viable. 

These countries incide Afghanistan, Bhutan, Burma, Nepal, India and 
Pakistan. In a small north-Indian state of Himachal Pradesh, which has a 
centuries old tradition of beekeeping with Apis cerana, all the 43 beekeeping 
development and extension centres have been replaced by Apis mellifera. Even 
in Kashmir region of North-West Himalayas, where Apis cerana matches Apis 
mellifera in body size and honey production, only a few per cent of native Apis 
ceranacolonies are left which may soon be wiped out. A visit to some mountain 
areas of North West Frontier Province of Pakistan in May 1989, led Dr. Eva 
Crane to conclude that Apis cerana populations may soon become an endan
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gered species (Crane,1992). Thus the existing long established craft of beekeep

ing with Apis ceranawill soon get destroyed in the entire Hindu Kush-Himalaya 

region. 

Causes and Consequences of Declining
 
Genetic Diversity
 

In seeking ways to conserve genetic diversity of Apis cerana it is necessary to 

have a clear understanding of the major threats which this bee species is facing 

in its own native habitat. Like any other threatened biological resources, decline 

in Apis cerana populations is also being caused by human mismanagement, 

misguided economic policies and faulty institutions. 

The major threat comes from its replacement with exotic and more prolific 

Apis mellifera, habitat alteration, pesticide poisoning, diseases and enemies 

particularly recurrence of sacbrood virus disease and human predations 

especially through traditional honey hunting methods. While the consequence 

of a decline in Apis cerana populations throughout Asia can only be speculated 

at, it is clear that such decline is undesirable in terms of economic development, 

maintenance of biodiversity in natural ecosystems and prod uctivity of farming 

ecosystems it is, therefore, essential to raise and discuss related to population 

vulnerability analysis and threatened extinction of Apis cerana. 

According to Gilpin and Soule, (1986), loss of genetic diversity of a species 

leading to its extinction is a systems Phenomenon involving the interaction of 

processes and states. It is to be based on three interacting fields i.e. Population 

phenotype (PP), Environment (E)and Population Structure and Fitness (PFS). 

When such model is applied in relation to loss of genetic diversity in Apis cerana, 

the first field (PP) includes behavioural and genetic components such as 

frequent swarming and robbing, production of large number of laying workers, 

inbreeding depression and drift inbreeding. A second field, the environment 

(E) is the context. It includes all biotic and biotic factors that influence the 

Population. In case of Apis cerana the loss of habitat quantity and quality as a 

result of rapid agricultural transformation and deforestation in the region and 

pesticide hazards due to their indiscriminate use are important abiotic compo

nents. The biotic components include introduction of exotic Apis mellifera (for 

details p!ease see page 80) epidemic of sacbrood virus disease and human 
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predations as a result of traditional honey hunting methods. 
Population Penotype (PP) and Environment (E)together determine the 

third field: the Population Structure and Fitness (PSF). This is the field in which 
dynamic consequences of interactions of (PP) and (E)are manifested in terms 
of patch distribution, population fragmentation, demographic randomness, 
reduced effective population size, growth rate and distribution leading to 
stochastic and deterministic extinction. The decay in one component can 
exacerbate not only it self but also the behaviour of other components. Table I 
list the components ofeach of these fields and Figure 1represents their overlaps 
and interactions schematically. 

TABLE 1. Components of Population VulnerabilityAnalysis in Apis Cerana 

FIELD COMPONE.r 

Environmental 
perturbations (E) 

e Loss of habitat quality and quantity 
* Exotic species: introduction of European 

honeybee Apis niellifL'ra 
* Pathogens and parasites especially sacbrood 

virus infection 
e Human predations: traditional 

honey hunting methods 
* Pesticide hazards 

Population * Frequent swaning behaviour 
phenotype (PP) e Robbing behaviour 

* Large number of laying workers 
a Inbreeding depression
•.Drift inbreeding BEST AVAILABLE DOCUMENT 

Population Structure 9 Patch distribution 
"Population fragmentation 
* Demographic randomness 
"Demographic randomness 
"Reduced effective population size, 

growth rate distribution 
"Stochastic and deterministic extinction 

Modified from Gilpin and Soule, 1986 
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Fic. 1: PopulationVulnerabilityAnalysis (PVA) 
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Strategies for Conservation of Apis cerana Stock
 
Improvement of Apis cerana
 

Many of the above mentioned sub-species/ecotypes of Apis cerana are at 

present not economically viable. Therefore selection and breeding programme 

of superior genotypes to produce a bee suitable for intensive management is 

required. To achieve stock improvement, different Apis ceranasub-species and 

ecotypes should be accumulated at a central location and superior genotypes 

be identified by integrating biometric and molecular data with behavioural and 

economic criteria. Another important pre-requisite for stock improvement is to 

evolve efficient queen rearing for Apis ceranaand also establish isolated mating 

stations for pure line breeding. The latter is essential because artificial insemi

nation in Apis ceranahas unexpectedly turned out to be a difficult task due to 

very low volume of semen ejaculated by drones. (Verma, 1990 b). 

Apiary Aanagenentand BehaviourResearch 
During the course of evolution, Apis ceranahas developed certain behavioural 

characteristics such as frequent absconding and swarming which are essential 

for the survival of colonies but undesirable from beekeeping point of view. 

Our research group has identified lack of sufficient bee flora, excessive 

handling, exposure of colonies to summer sunshine and incidence of sacbrood 

virus disease as major causes of absconding. Colony performance index (CPI) 

based on nurnber of pollen bringing foragers can to great extent be used for 

predicting absconding. 

Based on this criterion, this native bee species start showing symptoms of 

absconding even two weeks before and CPI reaches zero even a week before 

absconding. Management practices like feeding sugar, provision of shade 

providing queen gate at the hive entrance significantly reduce absconding. 

However, colonies affected with sacbrood virus disease show such a severe 

instinct of absconding that these may leave the hive even without queen bee. 

One of the most effective way of reducing frequent swarming is to follow 

selection programme against this undesirable trait and removal of newly 

constructed queen cells during active swarming season also help to check it 

considerably. 
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Currently, recurrence of sacbrood virus epidemic after an earlier cycle 

during 1982-1986 has threatened beekeeping with Apis ceraim throughout its 

range and is forcing beekeepers for its replacement by more prolific Apis 

mellifera.Some colonies are still resistant to this disease and in the absence of any 

effective chemical control measures, vigorous selection programme need to be 

followed (Verma, 1992 c). 

Pollination and Biodiversity Concerns 
Apis cerana is a vital component of natural ecosystem. its decline may have 

serious consequences for various entomophilous plant species. This bee species 

shows distinct advantages over Apis mellifera for pollination of agricultural 

crops. These include longer foraging hours, earlier initiation of foraging activity 

even at 5o C outside environmental temperature, short flight range, low cost of 

colony management during dearth periods, no foraging competition with 

other native bee species and non-apis pollinators, co-evolution of this bee 

species with native crops etc. (Verma, 1992c). 

Keeping in view the above, promotion of beekeeping with Apis ceranawithin 

a doniestic setting appears to be essential for the maintenance of biodiversity of 

forest and grassland ecosystem and for enhancing the productivity of farming 

systems. 

Unfortunately in developing countries of south and southeast Asia, the role 

of bees and beekeeping as an important biological input for enhancing theyield 

of agricultural crops has often been underestimated. 

The sustainable development of agriculture in the twenty first century will 

therefore necessitate reorientation of the present crop production technologies. 

Instead of making substantial use of physical inputs such as chemical fertilizers, 

biocides, irrigation, heavy machinery etc, a shift towards biological inputs such 

as bee cross-pollination biological nitrogen fixation, nutrient uptake, 

biotechnology etc. Will become essential tc -ncreasefood productivity. Moreo

ver, such biological based agriculture will only have positive ecological 

consequences. 

Thus, there is a need to create awareness amongst policy makers, planners 

and aid agencies about promoting bees and beekeeping as an important 
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component of present clay strategies for sustainable agriculture and rural 

development programme. (Verma, 1990a.) 

Zonation of Beekeeping Areas 
In those countries of south and South-east Asia, where Apis melliferahas already 

been introduced, beekeeping industry is passing through a dilemma. 

On the one hand, some beekeeping experts and donor agencies are of the 

opinion that only exotic Apis mellifera can bring about the "sweet Revolution" 

in this region in the same way as the high yielding exotic varieties of wheat are 

instrumental for the "'Green Revolution". In northern India and North West 

Frontier Province of Pakistan, Apis mellifera has been the basis of a flourishing 

beekeeping industry and so much surplus honey is being produced that 

efficient marketing is becoming a major problem. Studies on the economic of 

beekeeping with native and exotic species of honeybee indicate such vast 

differences in the profit level that a farmer practising beekeeping with exotic 

Apis inellifera in North West Frontier Province of Pakistan can easily afford an 

imported car, whereas, the one continuing with native Apis cerana is still using 

bicycle (Verma, 1990a). 

On the other hand, many importations of Apis mellifera in South and South

east .Asia have proved disastrous. When kept sympatrically, Apis cerana and 
Apis mellifera colonies frequently robbed each other (Koeniger, 1982). Another 

cause of failing co-existence of the two species is attempted intermating which 

produces lethal off-spring (Ruttner and Maul, 1983). A new problem is the 

transfer of parasites from one species to another. A parasitic mite of brood and 
adults, Varroajacobsoni can co-exist with Apis cerana and causes no serious 

damage to their native b6e species. In several countries of Asia, where both these 

species are now kept together, the parasite has infested Apis mellifera colonies 

and became a serious pest to this unadapfed host. There is now apprehension 

that through importations of Apis mellifera, Apis ceranapopulations in its native 
habitat will face serious risk of extinction. 

In order to resolve the above dilemma, zonation of beekeeping areas for Apis 
ceranaand Apis mellifera beekeeping appears to the only logical. Based on past 

several years of experience, it is now well documented that for sub-tropical 
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region Apis mellifera especially ligustica race is well suited and is performing 

well. In the temperate region, beekeeping with Apis cerana should be encour

aged as different sub-tropical region. 

Such zonation of Apis ceranaand Apis mellifera in different eco-geographic 

zones have been very successful in China and India is also following the same 

strategy. This would greatly solve the problem of interspecies competition and 

both species could be complimentary to each other. 

Training and Research Centre for Asian Bees 
and Beekeeping 

Forfuture development of beekeeping with Apis c,.franain South and South-East 

Asia, a coordinated and systematic effort by establishing atraining and research 

centre for Asian Bee and Beekeeping in this region is essential. This Centre 

should have a continuing internationally funded programme in beekeeping 

training and research with the following mandate, objectives and organization: 

Mandateand Objectives. 

1.The overall objective should be to generate and deliver improved bee

keeping management technology through research and training primarily on 

Asiatic ,;pecies of honeybee that will contribute to increased production and 

quality of different have products (Honey, Beeswax, Royal Jelly, Propolis and 

Venom) as well as better bee pollination services principally to the regional 

needs of south and south-east Asian countries thereby ensuring a good source 

of income and nutritious food to rural poor communities living at or below 

subsistence level. 

2.To assist different 'Government agencies, beekeeping communities and 

commercial enterprises to create a cadre of beekeeping experts by training them 

in both practical and scientific aspects of beekeeping. 

3. To provide information and advisory services and also to act as a co

ordinating centre for international co-operation in beekeeping. 

4. To assist different developing countries of this region to establish a 

national programme in beekeeping. 
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Organisation. The proposed centre may have three major programmes in 

beekeeping.
 

1.Research 

2.Training 

3. International Co-operation
 

Research may be carried out in the following basic and applied areas primarily
 

on Asiatic species of honeybee.
 

1.Bee Biology 

2. Bee Pathology 
'
3. Bee Botany and pollination BEST AV,AILABLE D0curiA" .w,i
 

4. Beekeeping Technology and Equipment 

5. Beekeeping Economic and Marketing Hive Products 

6. Apitherapy 

Training courses both in practical and scientific aspects of beekeeping may 

be offered for the benefit of beekeepers beekeeping instructors, beekeeping 
extension personnel from the department of agriculture, forestry and rural 
development representing different beekeeping communities or associations, 

commercial enterprises and Government departments from the entire region of 
south and South-East Asia. 

International co-operation programme will deal with technology sharing 
and technology transfer for the advancement of beekeeping in this region. It will 

organise regional training programmes, workshops, seminars, conferences 
and monitoring tours. It will also act as information dissemination centre by 
publishing extension literature for the popularization and promotion of bee-

Keeping, advisory services to individual participating countries and on re
gional basis also. 

All the above programmes may be carried nut by keeping continuing 
contacts with national and intemational agencies. Establishment of Asian 
Apicultural Association (AAA) is a step forward in this direction and this 
organisation should take initiative efforts for the establishment of training and 

research centre for Asian bees and beekeeping. 
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The Values of Conserving Apis cerana Bio-Diversity 
The natural products which honeybees produce and human now use are 

honey, royal jelly, pollen, propolis, beeswax and bee venom. These materials 

havebeen widely used as nutritional food and for medicinal and pharmacologi

cal purposes since ancient times. 

These natural products of beekeeping industry has both consumptive and 

productive use value because these can be consumed directly without passing 

through a market and at the same time these hive products can be commercially 

harvested for exchange in formal markets throughout the world. Every com

mon man is well aware of these direct values of this important biological 

resource. 

However, besides these direct values, honeybees provide non-consumptive 

benefits of conserving botanical resources which may far outweigh direct 

values when they are computed. These social insects deal with such primary 

function of ecosystem which involve reproduction, including pollination, gene 

flow, cross-fertilisation maintenince of biod iversity, environmental forces and 

species that influence the acquisition of useful genetic traits in economic species 

and maintenance of evolutionary processes, leading to constant dynamic 

tension amongst the competitors in ecosystems. These non-consumptive ben

efits can be harnesses to maximum extent through the use of native bee species 

like Apis cerana than with exotic Apis inellifera. 
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APIS CERANA IN GLOBAL BEEKEEPING 

L.R. VERMA 

International Centre for Integrated Mountain Development (ICIMOD) 

P.O. Box 3226, Kathmandu, Nepal 

Introduction 

The Asian hive bee., A.isj cerana F. is equivalent to the European hive bee, A" mellifra, 

because both can be domesticated and are similar in nest building and dancing behaviour. This 

native bee species is not only ihe basic source of most of the commercial or domestic honey and 

other hive products, but also enhances productivity levels of many cultivated crops through 

cross-poll;nation. The current importations of allopatric A2i mellifera into Asia for commercial 

exploitation is leading to the decline of &pij cerana populations in their native habitats to a level 

that threatens its extinction as a genetic resource. Development of beekeeping industry in the 

Hindu Kush Himalayan countries, therefore, requires a different strategy, i.e. conservation 

through development and promotion of beekeeping with A&is cerna in order to maintain its 

genetic diversity. Such an approach will aid beekeeping and agriculture not only in its native 

Asian habitat, but world wide as well. 
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Exotic Aois mellifera: Problems and ProsDects 

area of genetic diversity, selective breeding and
As a result of continuous research efforts in the 

more honey than AkiLimproved management practices. Aok mellifera produces three times 

cerana due its maintenance of proliric
cerana. Further, Ani MiLf= is superior to Ajoi to 

swarming and absconding tendencies. However, many importations of exotic 
queens and less 

Aois mellifera in to Asia have proved disastrous. When kept sympatrically, Ajis ciana and Aojj 

Another cause of failing in co
mellifera colonies frequently rob each 	other (Koeniger 1982). 

existence of the two species is attempted intermating which produces lethal off-spring (Ruttner 

1983). A new problem is the transfer of parasites f-om one species to another. A
and Maul 

causes noiacobsonii can co-exist with A2i cerana and
parasitic mite of brood and adults Varroa 

serious damage to this native bee species. In several parts of Asia, where both these bee ipecies 

a serious pest
are now kept together, the parasite has 	infested Aois melfifera colonies and became 

to this unadapted host. There is now apprehension that importation of Ajj mellifera will lead to 

In Japan and China, Agj~ cerana is
the decline of Apis ceran populations 	in its native habitat. 

MIellRt colonies. Other Asian countries such as Pakistan now largely replaced by imported 62:i 

and India are now following this trend. 

Agii cerana: Problems and Prospects 

&ph cerana has many valuable characteristics of biological and economic importance. These 

include their docile and industrious nature, their being less prone to attack of wasps and a high 

parasitic Asian mites YjrLQa jajobsQnui andlevel of resistance to nosema disease and the 

TrQiLaDs rj.1aen that plague Ani5 m.ellifre. A2jj crana can co-exist with other native bee 

species and requires little chemical treatment of colonies to contro epidemics. However, as yet 

this native bee species has not become 	popular amorgst beekeepers because of several behavioural 
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characteristics, These include their frequent swarming and absconding, their tendency to rob, 
their production of a large number of laying workers and their lower honey yields. These 

negative traits show eco-geographical variations depending upon the sub species/geographic 

ecotype and management efficiency of the beekeepers. 

Some of these undesirable behavioural traits, from a beekeeping point-of-view, emerged in ADis 

cerana during the process of evolution as a result of harmful, exploitation of this bee species by 
man. For example, through traditional methods of beekeeping; which in vogueare even today, 

most of the bees during honey harvesting were killed and no honey store was left behind in the 

nest for consumption by bees during dearth periods. As a result of this, the colonies of Apj 
cerana that survived and propagated in nature has developed the traits of frequent migration and 
absconding to safer and better pastures. In order to reverse such trends, a strategy through 

development and promotion of beekeeping with A cerana in modern movable hives is needed 
where. moderate honey harvests are collected in a timely manner without harming the bees. In 

order to make such strategies successful, the foremost requirement is exploration and evaluation 

of different sub-species/geographic ecotypes of ADis whichcr, has not yet been done in 

detail in its native habitat. 

Sub-speciesi'eoRra hic Ecotynes of A12h cerana 

In the recent past, attempts have been made to identify different sub-species and geographic
 

ecotypes of AQi eran by using 
 computer assisted statistical methods. Ruttner (1987) 
distinguished four different sub-species of Aois cerana namely : ,p.q, crin, A,c. himalaa, Ax. 

ia~.kn and A~cia. His studies were based on 34 morphological characters of 68 samples of 
Agil cerana collected from different parts of Asia. Similarly, ?'attu and Verma (1983, 1984 a,b) 
studied the genetic diversity of the A cerana from the Himalayan region. These results 
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A.c 

revealed that bees from mountainous regions were significantly larger in size and darker in colour 

than those from sub-mountainous regions. Morphometric comparison of worker bee populations 

of Himalayas revealed significant differences in size (north-west Himalayan bees>north east 

Himalayan bees>south Indian bees). These three sub-species corresponded to A, 

himala\a, and A.c. indica of Ruttner's analysis. In the north-east Himalayas, Singh et al. (1990) 

identified 3 geographic ecotypes of A. c. himalaya that correspond to a geographic distribution in 

(1) the foot hills of Himalaya, (2) Bramhaputra valley and Khasi Hills and (3) the Naga and Mizo 

Hills. These groups are biologically meaningful because the localities of each group fall within 

separate geographic areas. 

The above cited morphometric analyses based on small number of samples, gives only overview 

of the total genetic diversity, but does not enable one to detect distinct sub-species/ecotypes with 

v,,ried economic usefulness. Thus there is a further need to explore genetic diversity at the sub

species/ecotypes level especially in the Hindu Kush-Himalayan region which has the largest and 

possibly most economically useful sub-species and ecotypes of Apis ce ana. 

Behaviour and Manaizement of Aois cerana 

Lack of basic knowledge of AiS cerana behaviour is a major constraint in developing 

appropriate apiary management technology with this native bee species. Very little is currently in 

the literature covering this subject in-depth, compared to volumes of material specific to ADiS 

mellifera. In the absence of such appropriate apiary management technology based on specific 

behavioural characteristics of AD~i cerana, several past national and international development 

projects for promotion of beekeeping with this bee species in developing cruntries of Asia 

attempted application of European honeybee, 6.Dij mellifera, apiary management technology on 

Ani cerana. Consequently, many of these projects ended in failure because AQi cerana show 
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striking differences from Agh M21ifs in certain behavioral traits such as colony cycle, 
foraging, temperature regulation, colony defense, aggressiveness, absconding, swarming etc. 
Some of these act as negative behavioral traits from a prac :cal beekeeping point of view in &j 
ceraa . For example, frequent swarming and absconding by Agis cerana especially during honey 
flow seasons, lead to decline in colony strength and adversely affect honey produ.tion and 
pollination efficiency. There are no such problems in beekeeping with Apjj mellifera and it is 
easier to get surplus honey from this bee species in comparison to Aj .jeana. However, these 
negative traits in ADI& cerana are amenable through research efforts. This scientifically neglected 
bee species has the potential to match AD. mellifera in economic usefu;ness. Many studies, 
especially in India, have demonstrated the ability of Apis Drana to pollinate a wide range of 
agricultural crops. Further studies on foraging behavior of this bee species will lead to better 
exploitation of its pollination efficiency and thus help in productivity of agricultural crops 

(Verma 1990, 1991). 

nU 01"
DLd Aj~ii czna to Europe and America 

There is now increasing interest among the western bee scientists and beekeepers in Asian hive
 
bee, Apk.rna because of the recent problem of Varroa mite 
on European Ai melifera and 
also the danger from the diffusion of Africanized bees to the northern hemisphere. New 
technologies in molecular biology will present opportunities to introduce genes that code for 
desirable characteristics of 2pj c into population of Api w llif.g and vice versa. Api 
cerana could potentially be of.great in.".ortance to beekeeping in developed countries. However, 
introduction of AjE ciana into Europe or Americas would require following step-wise rigorous 

testing and monitoring. 

Identification of commercially valuable sub-species/geographic ecotypes of Apj £cJfl in 

its native habitat. 
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- Further selection and testing of the stock on off-shore islands. 

Zonation of areas in each country for &l cerana and Alis mellifera beekeeping. Such 

zonation has been very successful in China and India It would solve the problem of 

intar-species competition and both species could be complementary to each other. 

Cost of introducing Aois cerana would be quite expensive but if successful, would be only a 

fraction of its values as a crop pollinator and producer of high quality organic hive products. In 

addition, Aois crana would fit in a better way than &ph meifera to alternative sustainable 

farming systems strategies now being introduced in developed countries. 

Ah ctana Research in ICIMOD 

Mountain farming systems' programmes at International Centre for Integrated Mountain 

the search for such non-land basedDevelopment (ICIMOD), K(athmandu, Nepal are aimed at 

activities or options in the context of the sustainable development of mountain agriculture in 

terms of resource base availability, resource use/management practices, and production flow. 

Within this context, ICIMOD has identified beekeeping as one such incomf' - and food generating 

activity whivh offers several comparative advantages with positive ecological consequences. For 

the last three years, this centre has reviewed the status, scope and strategies for beekeeping 

development in south and south east Asia in general, and the Hindu Kush-Himalayan countries in 

particular (Verma 1990, 191). Recently, ICIMOD has been .octioned regional project on 

genetic diversity of 6 cerana by United States Agency for International Development 

(USAID). The major objective of this is conservation of £I il throughproject crana 

development and promotion of beekeeping with this native bee species with major thrust on 

morphometric analyses, mitochondrial and nuclear DNA polymorphism, behavioural and apiary 

management research. This research project is the first of its kind in which co-ordinated efforts 
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at regional level will be made by net working all major beekeeping institutes of Hindu Kush-

Himalayan countries. It is hoped that the result of this research project will provide &base for 

further improvement of useful sub-species/ecotypes of h cerana through classical and 

mol(.cular techniques and appropriate apiary management practices. 
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Contribution of the Asian Hive Bee to Crop Production and Income*: 

L.R. Verma 

International Centre for Integrated Mountain Development (ICIMOD) 
P.B. No. 3226, Kathmandu, Nepal 

Introduction 

Mountain Farming System's Programme at ICIMOD focues on a search for non-land based 
activities or options in the context of sustainable development of Mountain Agriculture in terms 
of resource base availability, resource management practices, and production flow. In this 
context, ICIMOD has identified beekeeping as one such income and food- generating activity, 
which offers comparative advantages for mountain areas and isenvironmentally most friendly. 
The natural products produced by honeybees and which human's now use, are honey, royal 
jelly, pollen, propolis, beeswax, and venom as well as several other secondary products. These 
products have both consumptive and productive use value because they can be consumed 
directly at home or exchanged in local and international markets. 

Honeybees also provide non-consumptive, indirect benefits because their pollination activities 
boost the productivity of several mountain crops. Income from agriculture, realised by using 
honeybees for crop pollination, is many times greater than their value as producers of honey 
and other hive products. For example, the value of bee pollination in crop production in the 
U.S.A. has been estimated at 20 billion US dollars per year. However, this aspect has often 
been underestimatei, especially in developing couvtries. 

In additior., these social insects deal with the primary functions of ecosystems that involve 
reproduction, gene flow, cross-fertilization, and so on, and thus help to conserve bio-diversity, 
to enhance the carrying capacity of different ecosystems, and to maintain the evolutionary 
processes. 

Among the different species of honeybees found in the Hindu Kush-Himalayan region, the 
Asian hvebee, Apis cerana is the only one which has been domesticated over the centuries for 
honey and beeswax production and it also forms an integral part of natural and cultural heritage 
of mountain communities. 

It is in this light, that the Beekeeping Research and Development Programme at ICIMOD has 
been concentrating on conservation biology and the contribution of the Asian hive bee, Apij 
cerana, to crop production and income. The major focus has been on reviewing the state of 
the art of beekeeping, applied research and development programmes, and training activities. 

Paper presented during ICIMOD tenth anniversary symposium held in Kathmandu, 
Nepal, 30th November - 6th December, 1993. 



Aois cerana Beekeeping in HKH Region 

In reviewing the state of the art of beekeeping in the HKH region, the ICIMOD researchers 
(as well as other investigators), have observed that the native Asian hive bee, Ai rana, has 
become an endangered species because the population of this genetic resource has declined to 
a level that is no longer viable. We have also proposed a model for vulnerability analysis of 
Apis crana which reveals that decline in genetic diversity of this species in the HKH region 
isdue to the interaction between several environmental and genetic factors. Among these, the 
important ones are competition for food and nesting sites with the exotic, -Api mellifera, 
qualitative and quantitative changes in habitat, poisoning of honeybees by pesticides, incidence 
of sac brood virus disease, human predation and frequent swarming, absconding, and 
inbreeding depression. 

Genetic Diversity Research 

Inorder to save this important genetic resource from possible extinction, we are following the 
basic conservation principle i.e. conservation through development and promotion of 
beekeeping with this native bee species. However, this species does not equal the European 
honeybee in honey and beeswax production, and research efforts are needed to bridge this gap. 
In this context, ICIMOD has started genetic diversity, pollination, and honey plant resources 
research. The main objec,;ve of genetic diversity research is to identify the different sub
species/ecotypes of Api ceana and assess their commercial usefulness. For this purpose, we 
have collected honeybee samples from all eight countries of the HKH region as well as from 
outside, representing different eco-physiographic zones. 

Based on biometric and molecular genetic diversity research, we have identified three new sub
species of Api_ cerana. Amongst these, the sub species from Jumla and the Kashmir 
Himalayas are commercially the most productive. Every effort should be focussed on their 
genetic improvement. In collaboration with Beekeeping Experts from the Austrian department 
of agriculture and the University of Vienna, we are now carrying out further studies on stock 
improvemeni of Afis cerana through selection, mass queen rearing and artificial insemination. 

Pollination Ecology and Honey Plant Resources Research 

There is a wide and diverse range of insect pollinators in the HKH Region but their 
populations are declining sharply because of indiscriminate use of pesticides and other biocides. 
Domesticated honeybees therefore remain the most frequent and efficient pollinators of 
agricultural crops. Under the USAID/ADB-funded beekeeping research and development 
programme at ICIMOD, detailed investigations have been conducted on the use of the native 
Asian hive bee, Apis cerana, to enhance yield and improve the seed quality of important 
vegetable crops grown in the Kathmandu valley of Nepal. Results of the effects of honeybee 
pollination on yield and quality reveal that, in the case of cross-pollinated crops such as cole 
crops or radishes, the yield isenhanced by 40-50 percent and in self-pollinated crops such as 
lettuce and mustard, the increase in seed yield varies from 15-20 percent. 

By means of a honey plant resources survey, more than 500 species of plants acting as honey 
sources, have been identified. Based on this survey, microscopy and acomputer assisted pollen 
data bank are being prepared to monitor the shifts in plant biodiversity over a period of time. 
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Beekeping Extension and Training 

Under the beekeeping development programme, ICIMOD is identifying remote and inaccessible 
areas in the HKH region, where this cottage industry offers comparative advantages. One such 
area under study now is the Jumla district of Nepal where there is a very old tradition of 
beekeeping in log hives. Farmers in Jumla treat honeybees with great skill, love, and care. 
In this inaccessible area, honey is a major source of income, nutrition, multipurpose medicine 
and sweetening. It is frequently bartered for other essential household items of daily use. 
Surplus honey from the Jumla region has the potential for sale in the international market as 
organic health food at a premium price, because the farmers do not use pesticides on 
agricultural crops and bee colonies are not treated with drugs. It is possible to bring a golden 
revuution to this region because of its wide diversity of honey plant resources and the ideal 
weather conditions. The main constraints are the inappropriate traditional practices which 
farmers use for the harvesting and storing of honey, aid both of these need to be improved. 
The development strategies being adopted by ICIMOD in collaboration with the Karnali 

Technical School in Jurla include: 

- Improving the extraction and storing of honey in a scientific way 

- Forming a Jumla beekeeper's association 

- Exploring foreign markets in order to sell honey at premium prices 

- A survey of honey flora 

- Substituting wooden log hives with straw hives and 

- Providing a superior stock of queen bees. 

If the present experience in Jumla proves successful, it can be replicated successfully in other 
parts of the HKH region where there are similar socio-economic and ecological conditions. 

In addition, beekeeping experts at ICIMOD have been actively involved in organising "Train 
the Trainer" and "Train the Farmer" programmes in beekeeping and pollination technology and 
also in rendering advisory/consultancy services to different national and international projecs 
both within in the HKH region and outside. 

Future Progranune 

With technical assistance from the Federal Chancellory of Austria and AustroviehVBiomerx, 
our future programme includes 

Genetic improvement of the Himalayan honeybee through selection, breeding, 
and molecular research. 

- The role of honeybees in monitoring and conserving plant biodiversity. 
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Bee pollination technology 

Honeybees as survey tools for monitoring environmental pollution, and 

The establishment of biological research facilities at ICIMOD. 

Beekeeping has the potential to be an alternative income and food generating activity, primarily 
in inaccessible areas of the HKH region where currently indiscriminate exploitation of 
medicinal herbs and other ecologically detrimental and unsustainable activities are on the 
increase. 
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