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

I.. R. Verma

ABSTRACT

Himalayan region is rich in honeybee species and genetic diversity. Amongst the
different native honeybee species, Apisceranaisequivalent of Europcan honeybee,
Apis mellifera becausc both can be domesticated and build parallel combs. Our
rescarch group in ICIMOD has successfully identified genetic variance in
morphological characters of Apis cerana and these results reveal the occurrence of
three sub species in the Himalayan rcgion named as Apis cerana cerana, Apis
cerana himalayas and Apis cerana indica. Each sub specics has further locally
adapted geographic ccotypes which differ from cach other in several biological and
economic characters. For,example, sub-species Apis cerana himalaya can be
further idcntificd into three ecotypes thaf correspond to geographic distribution in
(1) the Naga and Mizo hills, (2) Brahmaputra vallcy and Khasi hills, and (3) the
foothills of north-east Himalayas. Despitc its cconomic uscfulness, beekeeping
with Apis cerana is suffering precinitons decline and is threatened with extinction
throughout its range. The major threat comes from its replacement with exotic and
morc prolific Apis mellifera, habitat alicration, pesticide poisoning, discascs and
cnemics particularly the recurrence of sacbrood virusdisease and human predations
especially through honey hunting methods. Such decline is undesirable in terms of
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commercial use value, maintenance of biodiversily in natural ecosysicms and
productivity of farming systems. In order 10 reverse the above trends, there is a
need to adopt strategies for conservation of Apis cerana through development and
promotion of beekeeping with native bee specics. Such development strategies
should include studies on biology, behavior and management of Apis cerana in
different eco- geographic zones. Major thrust should be s further genctic
improvement through classical breeding and molecular techniques and evolving
the appropriate apiary management technology based on the ecological and
socio-cconomic conditions of the region. Zonation of beckeceping arcas for Apis
cerana and Apis mellifera appears to be the only logical solution for those species
where latter species has already been introduced.

INTRODUCTION

Beekeeping is becoming an importxnt componcent of present strategies for
sustainable mountain agriculture and integrated rural development programmes.
The role of beekeeping in providing food, nutritional, economic and ecological
security 10 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 communitics. This, being a non-land bascd activity, does
not compete with other resource demanding componcnts of farming systcms. 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 tcmporal and
spatial diversity of natural resources such as pollen and nectar that othcrwise go
unutiliséd. The pollination activities of honeybees are an important integration
function, as they contribute to the sustainability and diversity of agnicultural 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
cerana is equivalent to the European honeybee, Apis mellifera because both can
be domesticated and build parallel combs. Great strides in modemnizing 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 is one of the major prodveer and exporter of honey and other hive
products in the 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 modem scientific 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.
Itisin the light of these observations, an attempt has been made in the present paper
to review the current state Apis cerana diversity and suggest a practical framework
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for the improvement of Apis cerana beekeeping in Asia (Verma 1992 a).

THE AMOUNT OF APIS CERANA GENETIC DIVERSITY

The genetic diversity of Apis mellifera has becen organized 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 SO°N and 30°S. So far only four sub-species of Apis cerana are
recognized, although there may be several more because of its wide range of
geographic distribution (Ruttner 1587).

Our research group in ICIMOD has successfully identified genetic variance
inmorphological characters of Apis cerana and confirmed the accepted distribution
of A. cerana sub- species in t+2 Himalayan region. These sub-species have been
named as Apis cerana ceran:, Apis cerana himalaya and Apis cerana indica
(Verma 1992 b).

According 1o a survey c¢onducted 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 cerana skorikovi, Apis cerana
abaensis, Apis cerana hainanensis and Apis 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 successfully identified three ecotypes of sub-speciesApiscerana
himalaya that correspond te 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 cerana cerana into 5 ecotypes namely, Guangdong-
Guanxi type, Hunan type, Yunan type, North China type and Changbaishan type
(Zhen-ming er al. 1992). In some parts of Hindu Kush Himalaya, A:s 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 IS BEING LOST

Despite its economic uscfulness, 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 cerana colonies (Sakai 1992).
In China, out of more than 8.5 million colonies of honeybees kept in modem hives,
70 per cent are European Apis mellifera and only 30 per cent arc native Apis cerana
(Zhen-ming et al. 1992). Similarly in south Korea, only 16 per cent beckeeping 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 part of USAID funded regional
project in ICIMOD reveal that in Hindu Kush Himalayan region, beckeeping 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 lcvel 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 centurics old
tradition of beckeeping with Apis cerana, all the 43 beckeeping dcvelopment and
ex.«ension centres have been replaced by Apis mellifera. Even in Kashmir region
of north-vsest Himalaya, where Apis cerana matches Ap.s mellifera in body size
and honey production, only a few per cent of native Apis cerana colonies are left
which may soon be wipecd out A visil to some mountain arcas of north-west
Frontier Province of Pakistan in May 1989, led Dr. Eva Crane to conclude that Apis
cerana populations may soon become an endangercd species (Cranc 1992). Thus
the existing long established crait of beckeeping with Apis cerana will scon get
destroyed in the entire Hindu Kush Himalayan region.

CAUSES AND CONSEQUENCES OF DECLINING
GENETIC DIVERSITY

In secking ways to conserve genctic 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 pcpulations is also being caused by human mismanagement,
misguided economic policies and faully institutions. Major thrcats include the
following.

i) Impact of Exotic Apis mellifera

Large scale importations and multiplication of exotic Apis mellifera into 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 Revolution™. In parts of 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 economics of beekeeping
with native and exotic species of honeybees indicate such vast differences in the
profit levei 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 cerana is still using bicycle (Verma 1990a).

On the other hand, many importations of Apis mellifera in south-east Asia
have proved disastrous. When lept sympatrically, Apis cerana and Apis mellifera
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colonies frequently robbed each other (Koeniger 1982). Another cause of failing
co- existence of the two specices 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, Varroa jacobsonii car
co-exist with Apis cerana and causes no serious damage 1o Lheir native beg 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
unadapted host. There is now apprehension that through importations of Apis
mellifera, Apis cerana populations in its native habiat will face serious risk of
extinction. '

i) Habitat Alteration

In developing countries of south and south-cast Asia, habitat alieration
(especially due to deforestation) from a highly diverse natural ecosystems to Tar~
less diverse (often monocultures) agro-ecosystems is adversely affecting native bee
populations in the region. This is one of the most important threat often relzied to
land-use changes on a regional scale that involve great reduction in the arca of
natural vegetation. Such habitat destruction could lead to loss of different 1ypes 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 diseascs,
hunting and random population changes. Recent incidence of Thai sacbrood virus
diseasc and Europcan foul brood in Apis cerana might have arisen due tc the stress
conditions created by environmental degradation (for details plcase 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, potato etc. are of little or no value o honeybces.
Due 1o 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 recuce the probability of
survival. In either case, the result would he an eventual decline in colony numbers.

Habitatdestruction 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 1o defend
themselves effectively from the predators and they became more prone to

absconding.

iii) Pesticide Poisoning of Honeybees

Beckeeping and pesticides both have become essential inputs of moden
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 beckeeping industry, both in the developed and developing
conntrics, have been incurring heavy losses. In developed countrics, 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 bee losses
due 10 pesticide poisoning in the developed world.

In developing countries, all species of honeybee still face very risk because
agriculwral practices often include insecticide application carried outin ignorance
of indifference 10 the indispensability of bees. In all the developing countries of
south and south-east Asia, alarge area of land is being 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 facilities. For the control of these pests, a large number of biocides are
coming into use. Because of the lack of information, farmers in the region use
blanket application without caring as to what and how much to use and when.
Unlike developed countries, there is also lack of legislation to prohibit the use of
pesticides 1o the extent that kill bees. Integrated pest management technologies for
protection of honeybees from harmful effects of broad-spectrum biocides are
lacking. Such over reliatice on chemical methods is adversely affecting
environmental health including health hazards to human beings and decline in other
non-target animal populations. Amongst the latler, 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
noscma, virus cluster and sacbrood discases in the Hindu Kush Himalayan region.
Recently, the European foul brood disease has badly affected Apis cerana colonies
in Kathmandu valley of Nepal.

Amongst the mites, Acarapis woodi, Varroa jacobsonii, Neocyphalaeps,
Tropilaelaps sp and Pymotes naferi have been reported on Apis cerara. 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 beuter than Apis
mellifera. Two species of waxmoths, Gallaria mellonellaand Archoria grisella are
serious pests in Apis cerana colonies as this native species of honeybee do 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 cerana is found. in early eighties, the inciGence and severity

of this disease increased at such an alarming rate that more than 95 per cent of
colonies infected in different countries were killed by thisdisease (Rana et al. 1986,
1987). This resulted in great economic loss to beckecping with Apis cerana in Asia
not only in terms of honey and beewax production but also through adversely
affected pollinatior. services. The problem was particularly severe in the tcmperate
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 er 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, and 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 cerana in recent
years, the beekeepers in the region had no choice but to adopt beekeeping with Apis
mellifera which is not only free from this disease but is also giving higher economic
returns to the farmers, Consequently, Apis cerana has beer: 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 stozes 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
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 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 includes all abiotic and biotic factors that influence the population. In case of
Apis cerana, the loss of habital quantity and quality as a result of rapid agricultural
transformation and dcforestation 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 ficld in which dynamic conse-
quences of interactions of PP and E are manifested internns of patch distribution,
population fragmeniation, demographic randomness, reduced effecuve population
size, growth rate and distributic.n leading to stochastic and deterministic extinction.
The decay in one component can exacerbate not only itself but also the behavior
of other components. Table 1 list the components of each cf these ficlds and Figure
1 represents their overlaps and interactions schemaiically.

Table 1 : Components of population vulnerability analysis in Apis cerana

Field Component

Environmenial Perturbations (E) - Loss of habitat quanuty and quality
- Exolic 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
- Driftinbreeding
Population Structure and Fitness - Patch 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 cerana are at
present not economically viable. The:efore, selection and breed:ng programme of
superior genotypes to produce » 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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Fig. 1. Population Vulnerability Analysis (PVA). Case of APIS CERANA.

by integrating biometric and molecular data with behavioral and economic criteria.
Another important pre-rcquisite for stock improvement is to evolve an cfficient
queen rearing for Apis cerana and also establish isolated mating stations for pure
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linc breeding. The latter is essential because antificial insemination in Apis cerana
has unexpectedly tumed out to be a difficult task due to very low volume of semen
cjaculated 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 arc
essential for the survival of colonics 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
discase as major cause of absconding. Colony Pcrformance 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
absconding. However, coionies affected with sacbrood virus discase show such a
severe instinct of absconding that thcse may leave the hive even without quecn bee.

One of the most effective way of reducing frequent swarming is to follow
selcction 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 epidcmic after an earlicr cycle
during 1982-1986 has threatencd beckeeping with Apis cerana throughout its range
and is forcing beckecpers for its replacement by more profile Apis mellifera. Some
colonies are still resistant to this discase and in the abscnce of any elfective
chemical control measures, vigorous sclection programme nced to be followed
(Verma 1992b).

Pollination and Biodiversity Concerns

Apis cerana is a vital component of natural ecosystem. Its declinc may have
serious consequences for various entomophilous plant specics. This bee species
shows distinct advantages over Apis mellifera for pollination of agriculiural crops.
Thes include longer foraging hours, earlier initiation of foraging activity cven 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-¢volution of this bee specics with native crops
etc. (Verma 1992c). ) :

Keeping in view Lhe above, promotion of beekeeping with Apis cerana with
a domestic 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 south-east Asia, the
role of bees and beekeeping as an im portant biological input for enhancing the yield
of agricultural crops has often been underestimated. 1'he sustainable developmept
of agriculture in the twenty first century will therefcre necessitate reorientation of
the present crop production technologies. Instead of making substantial use of
physical inputs such as chemical fertilizers, biocides, irrigation, hcavy machinery
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elc.. a shift towards biological inputs such as bee cross-pollination, biological
nitrogen fixation, nutrient uptake, biotechnology elc. will become essential 10
increase food productivity. Moreover, such biological based agriculture will only
have positive ccological consequences. Thus, there is a need 1o creatc awarencss
amongst policy makers, planners and aid agencics aboul promoting bees and
beekeeping as an important component of present day strategics for susiainable
agriculture 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, beckeeping industry is passing through a dilemna.

In order to resolve the above dilemma, zonation of beekceping areas for
Apis cerana and Apis mellifera beekeeping appears to be the only logical solution.
Based on past scveral years of experience, it is now well documented that for sub-
wropical region Apis mellifera especially Ligustica race is well suited and is
performing well. In the temperate region, beckeeping with Apis cerana should be
encouraged as differcnt sub-species/ccotypes of this native bee species are more
prolific and superior genotypes than its counterparts in sub-tropical region. Such
zonation of Apis cerana and Apis mellifera in different eco-geographic zones have
been very successful in China and India is also following the sanc stratcgy. 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 beckeeping with Apis cerana in south and
south-east Asia, a coordinated and systematic effort by establishing a training and
research centre for Asian Bee and Beckecping in this region is essential. This centre
should have a continuing internationally funded programme in beckeceping 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
of different hive products (Honey, Beewax, Royal Jelly, Propolis and Venom) as
well as better bee pollination scrvice 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, beckeeping communities and
commercial enterprises to creale 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 1o 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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Organization
The proposed centre may have three major programmecs in beckeeping.

1) Research

i1) Training

iii) Intemational Co-opcration
Research may be carried out in the following basic and applied arcas primarily on
Asiatic species of honeybee.

a) Bee Biology

b) Bee Pathology

c) Bee Botany and Pollination

d) Beckeeping Technology and Equipment

e) Beekeeping Economics and Marketing Hive Products

f) Apitherapy

Training courses both in practical and scientific aspects of beckceping may
be offered for the benefit of beckecpers, beekeeping instructors, beckeeping
extension personnel from the department of agriculture, forestry and rural devclop-
ment representing diffcrent 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 beckecping, advisory
services 'to individual participating countries and on regional basis also.

All the above programmes may be carried out by kecping continuing
contacts with national and international agencies. Establishment of Asian Apicul-
tural Association (AAA) is a step forward in this dircction 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 arc computed. These social insccts deal with such primary function of

O
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ecosystem nich involve reproduction, including pollination, genc flow, cross-
fertilization, maintenance of biodiversity, environmental forces and species that
influence the acquisition of useful genetic traits in eccnomic species and main-
tenance of evolutionary processes, leading to constant dynamic tension amongst
the competitors in ecosystems. These non-consumptive benefits can be hamessed
to maximum extent through the use of native bee species like Apis cerana than with

exolic 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 honcy in India.

B.P.Dcy: Honey of Cherapunji is believed 1o be of high demand. Is it due to the
occurrence of any particular specics?

L.R. Verma: No, it is due to the citrus flavour of honey.
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Declining genetic diversity of Apis cerana
in Hindu Kush-Himalayan region

L. R. Verma

INTERNATIONAL CENTRE FOR INTEGRATED Mountain DeveLopmeNnT (ICIMOD)
P.O. Box 3226, KATHMANDU, 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 of biodiversity appiies 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 dorsata/
laboriosaand Apis floreaarc native to this region, whereas, the European honey bee,
Apis mellifera, hasbeen 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 mellifera, because both can be domesticated and are similar in nest
building and dancing behavior.

Geneticdiversity is the sum total of geneticinformation contairied 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-spedes are adapted to a wide range of ecological
conditions and at latitude ranging from 0° at the equator, to latitude as high as 50°
N and 30°S (Crane 1992, Ruttner 1988). There s very little information available
on genetic diversity of different species of honey bees found in the Hindu Kush-

Himalayan region (Verma 1990).

Current status of beekeeping with Apis ceranain 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 extincton
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in its entire native habitat. For example, in Japan, beckeeping with Apis cerana has
been completely replaced by the European hive bee Apis mellifera and only a few
beekeepers and research institutes are raising Apés cerana colonies (Sakai 1992). In
China, out of more than 8.5 million colonies of honey bees kept in modern hives,
70 percent are European Apis mellifera and only 30 percent are natve Apis cerana
(Zhenming er 2l 1992). Similarly in South Korea, only 16 percent of beekeeping
is with the native Apis cerana and the remainder has been replaced by exotic Apis
mellifera (Choi 1984).

A recent survey conducted by the author as a part of the USAID-funded
Projectin ICIMOD, revealed thatin Hindu Kush-Himalayan countries, beekeep-
ing with native Apés ceranais being replaced by Apis melliferaat such a fast rate that
populations of native Apis cerana are declining to a level that they are no longer
viable. These countries include Afghanistan, Bhutan, Burma, Nepal, India and
Pakistan. In the 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 centers have been replaced by Apis mellifera. Even in
the Kashmir region of the northwest Himalayas, where Apis cerana matches Apis
melliferain body size and honey production, only afew percentof native Apiscerana
colonies are left and may soon be wiped out. A visitin May 1989 to some mountain
aceas of the northwest fronticr province of Pakistan, led by Dr. Eva Crane,
concluded that Apis cerana populations 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.

Apis cerana genetic resources are declining

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

Impact of exotic Apis mellifera

Large scale importations and multiplication of exotic Apis mellifera into the
developing countries of south and southeast Asia for better economic returns in
terms of higher honey production and efficent pollination services has become a

controversial subject.
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On the one hand, some beckeeping experts and donor agendes 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 parts of northern India and the
northwest fronder province of Pakistan, Apis mellifera has been the basis of a
flourishing beekeeping industry and so much surplus honey is being produced that
effident marketing is becoming a major problem. Studies on the economics of
beckeeping with natve and exotic spedes of honey bees indicate such vast
differences in the profit level that a farmer practicing beekeeping with exotic Apis
mellifera in the northwest fronder province of Pakistan can easily afford an
imported car, whereas, the one continuing with native Apis cerana is still using a
bicycle (Verma 1990).

On theother hand, many importations of Apis melliferain south and southeast
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 inter-mating which produces
lethal offspring (Ruttner and Maul 1983). A new problem is the transfer of parasites
from one species to another. A parasitic mite of brood and adults, Varroa jacobsons,
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
mellifera, Apis cerana populations in its native habitat will face serious risk of
extinction.

Habitat alteration

In developing countries of south and southeast Asia, habitat alteration
(espedially due to deforestation) from highly diverse natural ecosystems to far less
diverse (often monocultures) agro-ecosystems is adversely affecting nadve 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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sachrood virus disease and European foulbrood in Apis cerana might have arisen
due to the stess conditions created by environmental degradation (for details
please see “Discases 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 honcy bees. Due
w0 the increasing dearth of bee 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 either case, the result would be an eventual decline in colony
numbers.

Habitat destruction greatly limits the ability of honey bees to carefully choose
a particular micro-habitat in which o build nests and rear offspring and be
protected from the artacks of predators. In the 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 prone to
absconding(Underwood 1992).

Pesticide poisoning of honey bees

Beekeeping and pesticides have both become essential inputs of modern
agricultural management technology. By ignoring cither of the two, global food
production would be seriously impaired. Since the advent of synthetic pesticaides
several decades ago, the beekeepingindustry, bothin 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 publicrelationshave achieved muchinreducngbeelossesdue
to pesticide poisoning in the developed world.

In developing countries, all species of honey bee sl 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 cultivaiion
of high yielding exotic cultvars of crops and along with them their pests have also
become introduced either through human error, accident or lack of proper
quarantine fadlites. For the control of these pests, a large number of biocdes are
coming into use. Because of the lack of infgerladon, farmers in the region use
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blanket application without caring what and how much to use and when. Unlike
developed countries, there is also lack of legislation to prohibit the use of pesticides
to the extent that kills bees. Integrated pest management technologies for protec-
don of honey bees from harmful effects of broad-spectrum bioddes are lacking.
Suchoverrelianceon chemical methods isadversely affecting environmental health
including health hazards to humans and decline in other non-target animal
populatons. Amongst the latter, honey bees, because of their sodal behavior, run

the highest risk of pesticide poisoning.

Diseases and enemies

There are frequent reports of Apis cerana colonies being affected by nosema,
virus cluster 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 jacobson, Neocyplrolaelaps,
Tropilaclaps sp and Pyemoses naferi have been reported on Apis cerana. Amongst
these, acarine discase 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
mellifera. Two species of wax moths, Galleria mellonelia and Achroia grisella are
serious pests in Apis cerana colonies as this native spedes of honey bee does not
coliect propolis to guard against the attack of moths.

In recent years, Thai sacbrood virus disease has been reported from all
countries where Apis cerana is found. In the early nineteen eighdes, the incidence
and severity of this disease increased at such an alarming rate that more than 95
percent of colonies infected in different countries were killed by this disease (Rana
¢t al. 1986, 1987). This resulted in great economic loss to beekeeping with Apis
ceranain Asia notonly in terms of honey and beeswax production but also through
adversely affected pollination services. The problem was particularly severe in the
temperate region of the country wiiere disease was more widespread than in tropical
and sub-tropical regions.

The presence of Thai sacbrood virus in the diseased colonies of Apis ceranain
northern India was confirmed by conducting electron microscopicand serological
studies (Rana e al 1986, 1987).

Different conwol measures recommended earlier to control the spread of
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sacbrood disease in Apis mellifera were unsuccessful in Apis cerana (Rana es al
1986). However, about 5 percent of colonies in the affected areas wereresistantand
escaped the attack of thisdisease. 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 cyde, and after this period, about 5
percent of the surviving colonies start multiplying in a normal way and normal
population is then restored.

Due to the incidence of Thai sacbrood virus disease in Apis cerana in recent
years, the beekeepers in the region had no choice but to adopt beekeeping with Apis
mellifera which is not only free from this disease butis 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.

Human predation

Beckeeping in the Hindu Kush-Himalayan region is marked by a long history
of honey hunting. Traditonal honey hunting methods killed most of the bees,
destroyed the brood and left no honcey 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 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 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 temporal and
spatial decline in bee populations in their native habitat (Bishop 1992).

The values of conserving Apis cerana bio-diversity

The natural products which honey bees produce and humans now use are
honey, royal jelly, pollen, propolis, beeswax and bee venom. These matenals have
been widely used as nutritional food and for medicinal and pharmacological
purposes since ancient imes. These natural products of the beckeeping industry
have both consumptive and productive use value because they 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 common man is well aware of these direct values of this important

biological resource.
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Abstract

A recent survey conducted by the author in some mountainous areas of the
Hindu Kush-Himalayan region reveals that Apis cerana populadons are likely to
decline to a level that is no longer viable. The majer threat for such a decline comes
from its replacement by amore productive type of beekeeping with European Apis
mellife:awhich is now becoming the 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 bioddes, inddence of Thai sacbrond virus disease
and over-harvesting of hive products by traditional honey huntng 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 of mountain 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 anid geographic ecotypes through classical and molecular techniques, and
behavioral and apiary management rescarch. 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 spedes, Himalayas.
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Genetic Diversity in Apis cerana*

by L R Verma

The genetic diversity of Apis mellifera has
been organised into 24 subspecies
having varied economic usefulness.
These subspecles are adzpted to a wide
range of ecological conditions and range
from O° at the equator to latitudes as
great as SO°N and 30°S.

So far only four subspecles of Apis cerana
are recognised, although there may be
several more because of Its wide range
of geographical distribution.
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Each subspecies Fas further locally acacte
populations called ecotypes which dilfer frem
cach other in several biological and evonomic
characters For example. we have successfully
identilied thre= ccotypes of subspecies Apis
cerana himaiaga 'hot correspend 10 geograph.s
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Brahmaputra vuiley and Khasi Hills ara3 3. 7e
footiulls of ihe noth-cast Himalayar On
similar lines Chinese bee scientists have aiso
classilied Agrs crrana ceruna 1010 hive ecotypes
namely Guangdorg-Cuanx type Hunan type
Yunan type Nonh China type and
Changbaishan type In some pans of the Hindu
Kush Himalaya. Aprs werana (rrana matches the
European hive bee Aps mqllifera in commercial
value and has speciacular potentiai for further
genetic improvement

STOCK IMPRCVEMENT

Many of the above mentioned subspecies and
ecotypes of Aps wrina are at present not
economically viable. Therelore selection and
breeding programmes to produce a bee
suitable for intensive management 15 required
To achieve stock improveme.t, different Apss
cerana subspecies and ecotypes should be
accumulated at a central location and superior
genotypes be identilied Another imponant
pre-requisite for stock improvement is to
evolve efficient queen rearing for Aps cerano
and also establish isolated mating stations for
pure line breeding The latter is essential
because instrumental insemination in Apis
cerana has unexpectedly turned out to be a
diflicult task due to very low volumes of semen
ejaculated by drones
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virus disease show such a severe instinct of
absconging that these may leave the hive even
without the queen :

SWARMING

One of the mos! effective ways of reducing
frequent swarming 15 to lolicwing selectior
programmes against this undesiratie trant
Removal of newly constructed queen celis
dunng the active season also helps to check
swarming

Tne recurrence of sacbrood virus after an
earhier cycle dunng 1982-1986 has threatened
beekeeping with Asu cerana throughout ity
range and 1s forcing beekeepers to replace it
with more prolilic Api; mellifera Some colonies
ate still resistant to this disease and in the
absence of any eflective chemical control
measures 3 vigorous selection programme
needs to be lollowed
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GENETIC DIVERSITY IN HIMALAYAN HONEYBEE APIS CERANA F.

L.R. Verma, International Centre for Integrated Mountain
Davelopment (ICIMOD), P.O. Box 3226, Kathmandu, Nepal

Project activities include morphometric, molecular, pollination,
behavior, apiary management research and training in beekeeping
with Himalayan honeybee, Apis cerana F. The main objective is
promotion and development of modern beekeeping with Apis cerana
and save it from threatened extinction.

For morphometric research, survey anc sample collection work of
Apis cerana is being carried out thioughout Hindu Kush-Himalayan
range ag well as other countries of Asia where this been epecies
occurs: So far this project has successfully identified three
sub-species namely Apis cerana cerana, Apis cerany himalaya and
Apis cerana indica from Indian and Nepal Himalayan region. 1In
some parts, Apis cerana cerana matches European honeybee, Apis
mellifera in commercial use value and has spectacular potentials
for 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 Apjs gerana 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
Apis cerana reveals that this bee species populations are on the
decline throughout its range due to its replacement by more
pProlific Apis mellifera, 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 Apjis gerana 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 Apis cerana
on these crops have been completed. Data on qualitative and
quantitative effects of Apis cerana pollination on vegetable
crops is now being analysed. Distinct advantages of using Apis
cerana for crop pollination over Apjs Rellifera include early
initiation of foraging even at 5'C, 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 Apis cerapa is being conducted. Prolificness in Apis 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



vinter season) feeding supplementary diet consisting of pollen,
Yeast and sugar significantly increased prolificness and colony
strength. Frequent swvarming can be checked by removal of newly
constructed queen cells. Colony performance index based orn
Pollen bringing foragers can be successfully used for predicting
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 racurrence
of sacbrood virus disease in Apis cerana colonies throughout its
range. In the absence of any cffective chemical ccntrol
measures, a vigcrous 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
naintenance of biodiversity of natural ecosystems. However,
there is a serious concern that scientifically valuable database
being developed through morphometric and molecular research may
not be of direct use to the farmers unless different jdentified
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 Apjs cerana would therefore depend upon
continuing international funding. USAID may consider this point
in all seriousness.
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ASIAN HIVE BEE, APIS CERANA

L.R. Verma

International Centre for Integrated Mountain Development (ICIMOD),

Apis cerana is » dominant native bee of South and
Southeast Asia and equivalent of European hive bee Apis
mellifera. This bee species is suffering decline and is
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 {5 clear that
such decline is undesirable in terms of economic
development, maintenance of biodiversity in natural
ecosystems and productivity of farming ecosystems. It s,
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:

The genetic diversity of Apis mellifera has been
organized 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 frr 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 cerana and 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 cerana skorikovi, Apis cerana
abaensis, Apis cerana hainanensis and Apis cerana
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 three ecotypes of
sub-species Apis cerana himalaya that correspond to
geographic distribution in (1) the Naga and Mizc 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
cerana into 5 ecotypes namely, Guangdong-Guanxi type,
Hunan type, Yunpan .ype, North China type and
Changbaishan type. In some parts of Hindu Kush
Himalaya, Apis cerana cerana maiches European hive bee
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Apis mellifera in commercial use value and has
spectacular potentials further genetic improvement by
selective breeding and molecular research.

Stock Improvement of Apls 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
managernent is required. To achicve stock improvement,
different Apis cerana subspecies and ecotypes should be
accumulated at 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
is essential because artifictal insemination is Apis cerana
has unexpectedly tumed out to be a difficult task due to
very low volume of semen ejaculated by drones.

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 si.vival of colonies but undesirable from beekeeping
point of view.

Our research group has identified lack of sufficient
bee flora, excessive handling, expusure 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 1o 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.
Managzment 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 program against this
undesirable mait and removal of newly constructed queen
cells during active swarming scason also help to check it
considerably.

Currently recurrence of sacbrood virus epidemic
after an earlier cycle during 1982-1986 has threatened
beekeeping with Apis cerana through wut its range and is
forcing beekeepers for its replacement by more prolific
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Apis mellifera. Some colonies are still resistant to this
disease and in the absence of any effective chemical
control measure, vigorous selection program need to be
followed.

Pollination and Blodiversity Concerns

Apis cerana is a vital component of natural
ecosystem. lts decline may have serious consequences for
various entomophilous plant species. This bee species
show distinct advantages over Apis mellifera for pellina-
tion of agricultural crops. These include longer foraging
hours, earlier initiation of foraging activity even at §° ¢
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 pollinatory, co-evolution of this bee species with
native crops, etc.

Keeping in view the above, promotion of beekeeping
with Apis cerana within a domestic 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 the yield of
agricultural crops has often been underestimated. The
sustainable development of mountain agriculture in the
twenty first century will therefore necessitate re-onentation
of the present crop production technologies. Instead of
making substantial use of physical inputs such as chemical
fertilizers, biocides, irrigation, heavy machinery, eic., a
shift towards biological inputs such as bee cross
pollination, biological nirogen fixation, nutrient uptake,
biotechnology, etc. will become essential 1o increase food
productivity. Moreover, such biologically based
agriculture will only have positive ecological consequence.
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 agriculture and rural development

program.

Training and Research Center for Asian Bees and
Beekeeplng

For future development with Apis cerana in South
and Southeast Asia, a coordinated and sysiematic effort by
establishing a training and researct: center for Asian Bes
and Beekeeping in this region is essential. This Center
should have a continuing internationally funded program in
beekeeping raining and research with the following
mandate, objectives and organization.

Mandate and Objectives

1.The overall objective should be (0 generate and deliver
improved beckeeping management technology
through research and training primarily on Asiatic
species of honeybees that will contribute to increased
production and quality of different hive products
(Honey, Beeswax, Royal Jelly, Propolis and Venom)

as well as better bee pollination services——principally
to th:: regional needs of south and south-cast 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 creale 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 coordinating center for international
cooperation in beekeeping.

4.To assist different developing countries of this region to
establish a national program in beskeeping.

Organlzation:

The proposed center may have three major programs
in beekeeping. i) Research, ii) Training, iii)lnternational
Cooperation.

i) Research may be carried out in the following basic
and applied areas primarily on Asiatic species of honeybee.
a) Bee Biology
b) Bee Pathology
¢) Bee Botany and Pollination
d) Beekeeping Technology and Equipment
¢) Beekeeping Economics and Marketing Hive Products
f) Apitherapy

ii) 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 depariment of agriculture, forestry and
rural development representing different beekeeping
communities or association, commercial enterprises and
Government departments from the entire region of South
and South-east Asia.

iii) International co-optation program will deal with
technology sharing and technology transfer for the
advancement of beekeeping in this region. It will organize
regional training programs, workshops, seminars,
conferences and monitoring tours. It will also act as
information dissemination center by publishing extension
literature for the popularization and promotion of
beekeeping, advisory services to individual participating
countries and on regional basis also.
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STRATEGIES FOR CONSERVATION OF ASIAN HIVE BEE, APIS CERANA !

L.R. Verma

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

ed native bee of South and Southeast Asia and equivalent of European
is suffering precipitous decline and is 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 is clear that such decline is undesirable in terms of economic
development, maintenance of biodiversity in natural ecosystems and productivity of farming eco-
systems. It is, therefore, essential to raise and discuss issues on which a strategy for its conservation

can be based for future.

Apis cerana, is a domesticat
hive bee Apis mellifera. This bee species

The Amount of Apis cerana Genetic Diversity:

he 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 o° at equator to latitude as high as 50°N and 30°%S. So fer only four sub-

species of Apis cerana are recognised, although there may be several more because of its wide range
of geographic distribution.

One research group in ICIMOD has successfully identified genetic variance in morphological
characters of Apis cerana and 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 cerans, Apis cerana skorikovi, Apis cerana abaensis, Apis

cerana hainanensis and Apis cerana 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
three ecotypes of sub-species Apis cerana himalaya that correspond to geographic distribution in
(1) the Naga and Mizo Hills, (2) Brahmaputra valley and Khasi Hills, and (3) the foothills of the
northeast Himalayas. On similar liries, €hinese bee scientists have also classified sub-species Apis
cerana cerana into 5 ecotypes namely, Guangdong-Guanxi type, Hunan type, Yunan type, North
China type and Changbaishan type. In some parts of Hindu Kush Himalays, Apls 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.
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Stock Improvement of Apis cerana

\any 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 cerana sub-
species and ecotypes should be accum

ulated at a central location and superior genotypes be
identified by integrating biometric and molecular data with behavioral and economic critenias.
Another important pre-requisite for stock improvement is to evo

Ive an efficient queen rearing for
Apis cerana and also establish isolated mating stations for pure line breeding. The latter is essential
because artificial insemination in Apis

cerana has unexpectedly tumed out to be a difficult task due
to very low volume of semen ejaculated by drones.

Apiary Management and Behaviour Research

Apis cerana has developed certain behavioural characteristics such

During the course of evolution,
which are essential for the survival of colonies but undesirable

as frequent absconding and swarming
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 number of pdllen bringing foragers can to a great extent
be used for predicting absconding. Based on this criteria, 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.

Cwrrently recurrence of sacbrood virus epidemic after an earlier cycle during 1982-1986 has
threatened beekeeping with Ap.: cerana throughout its range and is forcicg beekeepers for its
replacement by more prolific Apis mellifers. Some colonies sre still resistant to this discase and in
the absence of any effective chemical control measures, vigorous selection programme need to be

followed.

Pollinstion and Biodiversity Concems

Apis cerana is a vital component of natural ecosystem. Its decline niay have serious consequences
for various entomophilous plant species. This bee species show 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 flight range, low cost of
colony management during dearth periods, no forsging competition with other native bee species
and non-apis pollinators, co-evolution of this bee species with pative crops etc.

Keeping in view the above, promotion of bee keeping with Apis cerana within a domestic setting
appears to be essential for the maintenance of biodiversity of forest and grassiand ecosystem and

for enhancing the productivity of farming systems.

Unfortunately, in developing countries of south and southeast Asis, the role of bees and beekeepin
@ICIN
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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 rwenty first century will
therefore necessitate reorientation of the present crop production technologies. Instead of making
substential 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 amongst policy makers, planners and aid agencies about promoting 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 Bze and Beekezping
in this region is essential. This Centre should have a continuing internationally runded programme
in beekeeping training and research with the following mandate, objectives and organisation

Mandste 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 honeybees that will
contributt 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 nutrtious food to rural poor communities living at or be.ow 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-crdinating centre for
international co-operation in beekeeping.

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

0 cati

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.

) Bee Biokogy BEST AVAILABLE DOCUMENT

b) Bee Pathology

c) Bee Botany and Pollination

d) Beekeeping Technology and Equipment

e) Beekeeping Economics and Marketing Hive Products

f) Apitherapy
7



Training courses both in practical and scientific aspucts of beekeeping may be offered for the benefit
of beekeepers, beekeeping insuructors, beekeeping extension personnel from the deparument 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 waining 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 besis also.

All the above programu.es wil' be carried out by keeping continuing contracts with national and
international agencies.
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Sumnnary

Muiuvanate stansucal anwvses of 33 morpnaanetric characters
Nere o maae tor czilecuons o A cerana trom 20 0 aates o the
Himachai Pradesh and ~ammu and Kashmir states ¢ the northwes:
Himalavas. Two disunct biometnc groups were ounserved alter
Jdiscmminant funcuon analysis and cluster analvsis. The 2roups were
associated wath differences in the chmates of the Himacnal and
Kashmir recions.  Previous obhservations were contirmed that some
characters were associated with autude and raintad. such that bees
were larger and darker at higher altitudes and lower rainrall. The
pheneuc clustering of samples within each region corresponded 1in
general to phyvsiography. Principal components anaivsis indicated

minimal contnbutions of general size components to overall

covariation in each of the regions.

Kevwords (11):
Apidae. Apis cerana. honevbee. India. Himalavas. Himachal
Pradesh. Kashmir. morphometrics. discriminant function analysis.

principal components analysis. geographic variation
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iroduouon

The Eastern Honewnee, 1018 cerand Fabncius. occupies a
i o-=nunen extending TTm oAIlhanistan o Japan and thence souineast
o saa to the Wallace wne s study 1s focused ¢ collections made
at 20 localiues 1n the Himacha region (state of Himachal Fradeshs and
Kasnmir region (state ¢l Jaminu and Kashmur! of the northwest
Himalavan Region (see map i Mattu and Verma. 1983). Univanate
inavses ot bees from tnese coilections have been published and
sroide addrtional iniermauen (Mattu and Verma. 1983, 1984a.
1acgb. Verma and Mattu, 1982, Verma et al.. 1984). In this study.
certun univanate anaivses are re-examined by analvsis of variance
(ANOV'A)} and summarnized. and multvanate discmminant function

anaivsis IDFA) and principal components analvsis (PCA) are performed.

vaterials and Methods:

Collections of worker bees were made from 4 to 5 wild colomes
at each of 20 localities. The total number of bees from each locality
and other informaton are given in Table 1 (see also Mattu and Verma.
1983). The 55 characters were those for which univariate analyses
were previously reported by Maitu and Verma (1983. 1984a. 1984Db).
Code numbers for the characters and brief descriptions of the

measurements are provided in Table 2.

Computations were performed on an [BM 3090 computer at the
University of Caiifornia. Berkeley. For the discriminant analyses the

programs DISCRIMINANT (prior probabilities equal: minimum
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tolerance 1n stepwise procedurs was 0.001) and FACTOR 1rom the
Staustical Package for the Sor. Sciences (Norusis 1983) was used
The prooram NTSYS-PC (Rohi: (387) was used to perform unweichted
pair-zroup cluster analvses wi'n anthmeuc averages (ILPGMAJ as
descnbed by Sneath and Soxz 11973). All other computauons were
made with special programs wntten by HVD and performed on an

IBM-AT personal computer.

The statistical analvses vere performed in four phases in a
manner similar to that descnzed by Singh et al. {1990). The purpose
of the first phase was to make an imtial DFA of the 20 localities to0
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 reclassifving the
1184 individual bees with the coefficients from the analvsis. 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
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wrmiiar are the biometries of the bees collected at two localiues.
erarchic UPGMA cluster anaivsis was made of the Eucitdean
fstances among the 20 locahues (Sneath and Sokal. 1973). On this

iasis. W0 major biometnc froups were recognized.

The purpose of the second phase of analyvses was to evaluate the
discnmination between the two major biometric groups using all 33
characters. The measurements for the collections were regrouped
o the rwo biometric groups and entered in a second senes of DFA's.
“NOVA for each character was performed again. now for the two
zroups. Two DFA methods were used: the “direct” method in which
all characters were included and the “stepwise with Wilks cnterion’
method in which certain characters were automatically eliminated if
theyv failed to meet certain critical values. The discrimination between
the groups was evaluated by reclassifving each bee into one of the two
biometric groups. With two groups of equal prior probability. 50% of
the bees could be correctly classified by chance alone. Finally. the odd
numbered samples were held as a cest set and only the even numbered
samples were used as data for the DFA. Then all samples were
classified into the two groups. Next, the even numbered samples were
held as a test set and so forth. The classification of the test sets in

each case provided further evidence of the effectiveness of

discrimination.

The purpose of the third phase of the analyses was to evaluate
the contributions of the different characters to the discrimination of
the two biometric groups. This was done by two methods: (1) by
ATeT RYAILADLE DOCI
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ranxing of the absolute values : the standardized discnminant
tuncnon coetticients, and (20 ronna the absoiute vouues of the
ccrieiations of the 35 characizrs wath the single discnminant
uncuon. s a result of these + mpansons. a reduce? numoer ot
characters was selected to prowide a quick method tor idenuficaucn of
the biometnic groups. The nnai choice was supported by the
procedure described above wnere odd or even samples were held as
test sets. ANOVA's were also made for the 55 characters within each
biometric 2roup to examine the differences 1n the characters within

the nwo croups.

The purposes ol the fourth phase were (1} to determine the
relauonships of the morphometnc characters to altitude and rainfall
and (2) to determine the contnbution of a general size component to
overall vanation within each biometric group. First. univanate
product-moment correlations { " ) were computed for altitude and
rainfall at the localities (Table 1) versus the values of the 33
morphometric characters for individual 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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<ame lecahty than o Bees 10 ctper locahties whsn soaced ina 19

Lrmensional morphometnic speie o This was shows “ e

~eciqssiicauon of the indivigue, pees mto the 20 Jrouis by iwo OFA
sy dierent procegures. The onrect methiod. wnro i 35 characters
creonciuded. 2ave an overa. s.erace of 61,13 © 1 Uees correcuy

classined and the stepwise method gave 61.23% correcdy classined.
The unnanate ANOVA indicated that 48 of the 53 characters over all
20 incaliues were highlvy signiticant (significance prepability < 0.001:

<o Table o lor Bist).

The thometric relationsnips of the bees Irom :he 20 localines
are shown in the phenogram ig. 1). Two distinct Zroups are evident:
samples 31 10 62 from Himachal region form one biometnc group.
and samples 63 to 70 from Kashmur region form a second biometric
aroup. 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 biometnc 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 resuli. 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
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levanonss The ANOVA of the wo 2roups Zat - nlhiv sizmheant F
caues tor 43 of the 35 chara sors asiamicanc: noctainlioy <0 o)

~cee Tubie o otor st

.11 the thurd phase. the craracters with standardizes Ziscnrminant
coetlicients ot absolute value > .33 lan arbiranly chosen valuer on the
single tuncuion were characters 45, 25 and 46. These characters also
had correlations wath the funcuon of absoiute alue > 33 !'see Table 4.
When onlv characters 43 and 25 were used in a DFA berween the
broietne wroups and all bees were included as data. the cverail
percentace ol correct classiication was 99.9°  When samples were
spht into test and data sets. the percentages o! correct ciassifications
for the data sets were 10075 (even numbered localiue,) and 99.8%:
fodd numbered localities). For the correspondinyg test sets. 99.8%-
and 100%. respectuvelv. Table 5 provides staustics for a quick
classificauon of new samples with only two characters. \When
classification of new samples into the two biometnc groups is critical,

then the use of all 55 measurements is recommended.

Varnation 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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‘har 1% «nmaracters of Lees of th= Himachal rezon and 16 characters ol
D (rem the Kashmur seaien wwere different amonz the samples
e~ wtmin the latter recion. neretore. exhubited the least

'

ferorences among the sampies

The correlations of raintail and altitude with morphemetrics of
indraduai bees were examined separately within each region by
umvariate and multivanate analvsis (Tables 6. 7). A univanate
Lorrelatcn exasted between ranfail versus altutude among locahities of
‘he Hunacnal region tr= -0.38. sigmificance probability = 0.00). but no
correlauon existed among the iocalities of Kashmur region (r = 0.02.
signiticance probability = 0.33). These relationships also appeared in
the PCA s where altitude and ranfall joindy contributed strongly to
PC1 in the analvsis of the Himachal region. but were unrelated and

divided in their contributions to PC1-PC3 in the analysis of the

Kashmuir region (Table 7).

For bees of the Himachal region. 35 morphometric characters
had significant correlations with altitude (two-tailed significance
probability < 0.01). All but two of these were positive. The highest
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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For bees o the Rasiunir cezion. 28 charaeters wers o orre, ated

An btuse ot three were nositive Aumong te ionest were
PAretINEG CRTELier o dance Bing N Caaracter 26 a0 s 0 24 Seen
Characters were correlated wnn rantadl, of whaeh e were e sove

Forewing character o and andomen character 47 were nonest ot o< -
D 1s

in summary. most correiasons with alutude and ran:all within a
rezicn were !ound in wing. i#2. and abdomen characters. wvhile

refauvely few were tounc ameng tongue and antennz ciharacters  Most
corre;ations wath ajutude were positive and most with rantall were
necauve. in other words. higher alutude and lower raintall were
correlated with larger size within each region. Twentv-rwo characters
were consistently correlated with altitude in both eroups. but only

character 4 was correlated with rainfall in both groups.

As observed previously. bees of the Kashmir region are larger in
length and width measurements than those of the Himachal region
(Mattu 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 18. 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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ccounted 1or by FC1n each anaivsis and - 27 was accounted fer by
4 ol Re FeManEng (CMpununts S A resuil. he Cumuiative
Cereentaces ol variances explained by components .-23 were oniv

=5 G -53=y - Alutude nad thr milhest cerreauons o all varabices
anh ©°CY Morphometric vanazies that hac mizher correlanons wath
©C1 1n both analvses were lorewing characters 1. 5 and 29: lind lez
 naracters 30 and 31: and abdomen character 41, Otherwise. the rvo

=CA s shared liztle in common »ith regard to the distribuuon of the

~i-her correlauons ameng the components.

Discussion

Two major biometric clusters emerged when all twenty samgies
were analvzed in a single DFA (iz. 1). The eight samples from the
Kashmir region lormed one biometric group and the nwelve samples
from Himachal region formed the second group. The morphometric
gap between the groups was quite distinct. Samples from localities
along the boundary between the regions did not appear to form a
ransitional cline. For example. bees from sample 63 (Table 1) taken
at a lower elevation in western Kashmir region did not cluster with
bees taken at lower elevations in the western Himachal region. Vice
versa. bees from sample 58 taken at a higher elevation in the northern
Himachal region did not cluster with bees from sample 64. also taken
at a high elevation. in the southern Kashmir region. The overall lack
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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Athouch no stnking pavsiozraphic teature s=zarates these
Telionss oanaler chmatce beun tary does comcide anth the poitcal
Loundany berween the states The ramntail stausucs dione ¢o Not reveal

"his comate chitlerence (Tabic 0 However. based o oprecipitanin

cilectveness (total monthly preapiiauon diaded L+ total monthiv

cvaporauon). the chimate classiiicauon of Takahash: and Arakawa

1195 1) shows the collection sites of the Kashmir region are in a zone
ot drv sub-humid climate whil- those of the Hirnachal region are 1n
cones of moist sub-hum:d or Fumid chimates. Anaivsis of future
<oilections alone this ciimauc Loundary il be necessarv 1o discover
where the transition from one biometric tvpe to the other occurs or 1if
the two wroups coexast sympauncally.  In the latter case. an

appropnate taxonomic action would be in order.

The two biometric groups were distinguished by significant
differences in 45 of the 35 characters. Bees of the Kashmir region
were larger on the average than 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 stemnite)
in which bees of the Kashmir region aie 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 wer.e cémplex: 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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Witin cach reton. corro.atons aiso existed Denveen
morpnometne characters ane . UiuGe and ramntail  Larger sige in a
mazority lenath and breadin shedsurements was axsocated with

miciter aiutude and lower rauntin These results adree n ceneral wath
previous analvses. but ditter i some details because of diffenng
computauional procedures Matiu and Verma. 1983. 19&4a. 1984b:
Verma and Mattu, 1982, Verma et ai.. 1984). Except for the

correiations with alutude. and ©2 a lesser extent with ramdall.

. ovariaicn amone the morpicmetnc characters themseives as
revealed by PCA was remarkabiy low. This resulted in a mimimal
contnbution of “general size to the overall covariauon among the
samples within each region. The first component usually accounts for a

much larger percentage ol vanance in morphometnc studies (Daly.

1992).

Within each biometric group. clusters of samples in
morphometric space were oiten. but not ajways. close to each other
geographically. Ia the Kashmir region. a close correspondence
existed between the minor clusters (fig. 1) and physiographic features:
sample 68 from the Kishangana Valley. sample 69 from the Sindh
Valley. and sample 70 from the Drass Valley. are all from contiguous
river valleys at altitudes above 2300 m. Another cluster of samples 65.
66. and 67 was taken in the kasnmir 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 preduces a modified monsoon climate.
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Sampices ¢ 3 oand 64 were soiat-7 morphomerne iy and ihe collection

SIes were senDarated ool oraphs o sdy However, Shese twWo sites share 1
Commen Lover alutudes and e normal monscon camade wnich
crevans s uth ot the Pan Fama =aze and i ne Chenao faver Vilev

that penetrates the rance.

In the Himachal region. most samples in the minor clusters can
be reiated to physiography and the geodgraphic proxmuy ot
morphometncally related samgpies. but some samples can not. The
cduster @ samples 59. 00. 61. :nd ©2 were taken trom a zone of
wumid ciimate. dominated by tne Sude) River vallev. and stretching
irom Simla to the Kinnaur region. The remaining samples of Himachal
region were trom the moist sub-humid zone or along the 1ts boundaryv
with the humid zone. The cluster of samples 52. 33. 35. and 56 were
taken in the region of the Beas River and limited on the north by the
Dhaula Dhar Range. An exceruon was sample 54 which was
morphometricallv close to sample 56. but was taken much farther
south. Likewise. samples 57 and 58 were clustered morphometrically.
but were not close geographicallv. Finally. sample 51. isolated from

other samples morphometricallv. was taken at the lowest altitude.
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Cante L Cade numbers Lt ecnon jocdiities, o oraniin

coordinates. alutude mometers AU, rasntall i miicmeters Raar,

98}
]

limatc dassihicaton of Tanasasint and Arakawa oest Tom. ¢
aumid. O = dry sub-humid, 5 = moist sub-humid. W = ra:nrall
ddenicient 1n wanter. s = raintall deficient 1n summer). and :otal number

1! bees collected from 4-5 wid colonies at each site (Bees

Tale Looaaly wutute  Lonlituge Al Ran oy Sees
Sionsetric ¢roup ol Humachal Rec:on

51 Buaspur 19158 TRYI0E 587 1022 Bw/Caw 50
32 Kanga 325N 76 16E 700 1623 Cow 60
33 “and 31°33N T6930E 761 1388 Bw/Cow 60
54 NahaniSirmor) 30°33N 77021E 905 221 CywiCis 60
55 BharentHamurpurn 31923N 76934E 1007 1812 Cow 60
56 RauaniKullu) 32905\ 77908E 1463 789 Bw/Cow 60
57 Solan 30°50N 77°08E 1530 1187 Bw/Cow 60
58 DalhousiChambal 320328 75°SBE 2086 2140  Cyw 60
59 Shimla(Stmla) 31°907N 77°10E 2206 1625 Bw 60
60 Bagl (Shimla) 31° 1_5'N 77°27E 2648 1518 Bw 60
61 Poo (Kinnaur) 31940N 78934 2837 368 Bw 60
62 Roghi(Kinnaur) 31932N 78°15E 017 749 Bw 60
Blometric group of Kashmir region:

63 Rajouri 323N 74°21E 938 134 Cpw 60
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LU Y2 Taving -3 B . a0
CTOTe L i WyJYELN TR E 207 W Ten ey
C~CoLrus Beramulal 228N T3953E 0 2364 B U a0

o9 SeramaraSnnagar) 32:1aN 739218 2740 1515 T 50

T Dms.Ran 33022N T5°49E 2977 300 Cywa P
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able 20 Code numbers fordcracters and bnet descnzuons of the
DICASUrCemMents  Teranles and s ornites are counted Losienor Ly
petioie, Ten as metasomal selnonis o Abbreviations coier oL dabeis 1in

alustrauons of Matu and Ver:: . 1984a.b).

Fo

-

(9]

a It

~1

10
11
12
13
14
15
16
17
18
19

rewinz:

Lencth of radial cell (RcLy

Breadth ot radial cell (Rek

Lenath of basal poruon of radial cell (ReLy)

Lenath of apical poruon ot radial cell (RcLg)

Length of forewing (FwL)

Breadth of forewing (FwB)
Length of lst abscissa of vein M3 4 in 2nd median cell (a)

Length of 2nd abscissa of vein M3, 4 in 2nd median cell (b)

Angle 31 of forewing
Angle 32
Angle 33
Angle 34
Angle 35
Angle 36
Angle 37
Angle 38
Angle 39
Angle 40
Angle 41
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nN

L BWInNG

2o enzihoof basal poms o 0 radhad vein (RL
20 Lencth of apical poritn o radial vern (ML
22 {enath of discordal vern VL

23 Lencth ol indiwca vein L)

24 Breadth of hind winz 1HwB)

23 Lensh ool hind wains =l

2% Cvuincer of hamus NE

27 Zxtent of hamul (25

28 iLenath of jugal lote (5L

29 Leneth of vannal icbe L)

Hind leo

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 AYAILABLE DOCUMENT
37 Length of labfal palp

N



S5 onenath L posimientum

SohenLin o lessa

Shedomen unetasoemal

<0 Lenzth ot heht band of 3rd tergite
+1 Lencth of dark band or 3rd teraite
<2 Total lenzth of 3rd tercite

43 Lencth <1 light band of 4th teraite

cenzth ot dark band of ik reraite

4.
4

Total leneth ot 4th teraite

N
(@1]

46 Breadth o! wax murror on 3rd sternite (WmB)

47 Distance between wax mirrors on 3rd sternite (\WmD)
48 Lenath ol wax murror on 3rd sternite (WmL)

49 Total length of 3rd stermite (S3)

50 Lenath.or depth of 6th sternite (L&)

51 Breadth ot 6th sternite (B6)

Antenna

52 Length of scape

53 Length of pedicel

54 Length of flagellum

55 Total length of antenna
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Tabde o Means and stasiacs

Uroup.

o

~1

10
11
12
13
14
15
16
17

720

8.498
2.847
0.537
0.143
32.182
107.499
93.778
19.261
88.365
43.472
98.174
82.333
15.035

-~

et BlIometne JrouL s,

AT DL sAmDie see

Himachal rew:cn

1).0024
0.0009
0.0022
0.0027
0.0033
0.0028
0.0013
0.0008
0.0594
0.1942
0.1803
0.0561
0.1043
0.1484
0.1883
0.1395
0.0621

ot

mashmr region

354

\ne
~ean

2.748
3.064
0.566
0.157

32.821
107.670

95.667
17.848

90.539

13.229
96.931
81.065
13.011

0.0035
0.0012
0.0021
0.0031
0.0071
0.0034
0.0017
0.0011
0.1124
0.1811
0.1757
0.0935
0.1344
0.1690
0.2;71
0.1736
0.0718

CTTSISOIGr the 5 characiers oo

Soand standard JGesnanons

8.596
2.932
0.548
0.148
32.432
107.566
94.518
18.707
89.217
43.377
97.687
81.836
14.242

L.rothe rotal

J.1089
0.0270
0.0556
0.0842
0.1907
0.1292
0.0389
0.0242
1.9844
+4.7396
4.5482
1.8551
3.0275
3.8521
4.9434
3.7913
1.8974

reach ot
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ro

[+9

01811 735319  0.2090 4974  4.7404

0.0ueT 52003 0.2643 31530 417326
0.0027 . 480 0.0024 i 456 0.0687
0.002¢& . 221 0.0033 . 221 0.0737
0.0028 ..2635 0.0038 1.223 0.0840

0.0027 (.427 0.0036 0.402 0.0775
0.0022 1.732 0.0026 1.692 0.0735
0.0056 n.420 0.0066 6.037 0.3405
0.0729 19.438 0.1008 19.390 2.0426

0.0023 . 296 0.0029 1.262 0.0662
0.0035 1.623 0.0052 1.778 0.1088&
0.0025 1.236 0.0029 1.216 0.0680
0.0019 2.581 0.0035 2.512 0.0828
0.0028 3.208 0.0035 3.139 0.0938
0.0026 2.006 0.0039 1.967 0.0814
0.0012 1.105 0.0029 1.093 0.0476
0.0049 1.321 0.0060 1.316 0.1311

0.0018  0.786  0.0025  0.784  0.0508
00197 5348 00247 5323 05307
0.0050 2751  0.0120 2,630 02157
0.0011 0273 00017 0291  0.0360
0.0127 2848 00157 2.804 03422
0.0056  0.954  0.0077 0999  0.1609
2.0054  0.967  0.0055 0854  0.1633
0.0035  2.096  0.0023  2.024  0.0984
0.0029 0663  0.0043 0659  0.0835
0.0032  1.204 00040  1.139  0.1007

A R SN
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to

021 2 0 O03% D a2 0.10453

03 2274 D0020 20w 01325
CO020) 03T 50025 0232 00744
Lo a SRR 0 0032 L3200 01470
o O027 2,309 0.0028 2395 01076
. 0029 2.399 0.0042  2.353  0.0915
0.0036 2006  0.0053  2.71+  0.1860
1.0036 1 244 0.0029 1144 0.1221
SO0 02T 00012 0237 0.0542
5 9030 2720 00034 2608 01183
) 0036 1310 00035 4188  0.1327
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aotthree coium

1A

Coonandeter codes anti unstadar ey

UG stancossised discenamindn Uneion ellicients cur (e tan

TGO JTTUDS UsING &

-

PROZEENNN IS DA a5

The values 1 the tunonon at

the _roup means are -4 21&% .r the Himachal region and 6.3480 isor

the Kashmir region.

Right two columns are character codes and

pooled wiathin-aroup correlauors between the canonical discnminant

'uncuon and the characters. ranked bv the magnitude of the

correiation

Unstandardized

Standardized

Correlauons

Character

tJ

oy

O 0O N O wm

11
12
13
14

e -

2.645270
-1.703572
.0.5321126

0.3717739
0.5344067
3.595537
0.31461549
0.9489423
-0.03228633
-0.002033616
0.005976942
-0.06439338
0.009580180
-0.01872391

Characters

0.18796
1004302
0.02651
0.02595
0.07833
0.26652
0.01251
0.02204
.0.06330
-0.00964
0.02663
.0.11092
0.02717
10.07212

-0.45660

0.39747
0.3363+4
0.28480
0.27139
0.23174
0.22096
0.22086
0.21946
0.20830
0.18628
0.16939
0.16542
0.15842
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202

-

0.078Gu20u

D39 35087T

DRFVEIS VIR

-0.1489012

-1.361788

0 3235104
N 03176010
1 302947
2.440815
-0.03021339
0.8349808
-0.1195768

-0.3859466

0.6083928

.1.515922

0.2642043
-0.7396157
-0.5542313
-0.8156806
-0.09663903

0.5239620
-6.485288

0.1263396
-0.4190776

» 02380
02035
-2.00979
-0.10033
0.02491
7 o250
0.35866
-0.06173
0.05237
-0.01226
-0.02554
0.03760
0.11469
0.01982
-0.03454
-0.07264
-0.04146
-0.05128
0.10097

-0.21451

0.04302
-0.06575

29

11
33

-2.11601

1.02337
0.08189
-0.08171
0.08137
0.08006
-0.07620
0.07586
0.07243
0.07116
0.06812
0.05737
0.05712
0.05119
0.04543
-0.04359
0.03937
0.03891
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<1 r 1347772 G 02099 0 203149
+2 C 4550282 PSS EN 003028
3 9225163 W OTTO0 L 0 02860
<4 ~0 1138027 SRR, .3 02231
+3 2.069292 020143 39 v 01963
46 4.704503 0.35313 18 0.01764
47 3.799122 0 20204 35 0.00723
+5 -2.540549 -0.45283 36 0.00705
=Y 2.885044 0.19703 +3 0.00691
20 +).449799] 0.03782 N -0 00586
51 i.1117035 0.11482 34 0.00542
52 2.1773542 0.20113 26 0.00354
533 0.5788697 0.03718 10 0.00336
54 3.235728 0.24982 33 -0.00157
23 1.76364 1 0.15781 21 0.00032

Constant-70.46841

HEST Ay



29

Table 3 Lel three columns are character coces. wnstandardieer: and
S sdrCised canonical Jisonnnnant iunouon cuetlioents tor the

_rauss based on the best two vanables The vaiues o the luncucn at

‘e _roun means are 2 33074 or the Himacnal rezien and -3.927 lor
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Tabie 7 Correlauons of alutue *ALTH ramtall (RAINGL and 35
merpnomeine characiers wits wnincipal components 123 (PCLete
ane sercent explammeda by oeach compornent -1 Correlatons >
Anesute vaize of 0.3 bold print. Anaivzed separately dor each region.

Himachal reaion Kasnmir Rezon

PC1 pCc2 PC3 PC1 PC2 PC3
10 - ) + 3 1.9 ..E
LT 0.872 0.054 -0 09D 0.560 -0.503 -0.115
RAIN -0.413 0.370 -0.041 0.025 -0.271 0.426
1 0.312 -0.092 0.067 0.409 0.092 0.020

2 0.403 (137 -0.029 0.291 -0.109 -0.121
3 0.121 0.149 9.138 0.213 0.235 -0.247
3 0.263 0.060 0.133 0.365 0.113 -0.331
) 0.486 0.281 -0.048 0.320 0.018 0.110
6 0.175 0.046 -0.172 0.330 -0.225 0.125
7 0.179 -0.0434 0.381 0.331 -0.264 -0.047
8 0.035 0.088 0.281 0.301 -0.048 -0.128

9 0.161 0.115 -0.246 0.330 0.182 0.098
10 0.037 -0.175 0.197 0.271 0.265 -0.092
11 0.081 -0.189 0.107 0.288 0.254 0.196
12 0.033 0.296 -0.149 0.372 0.082 0.051
13 0.062 0.111 0.086 0.263 -0.044 -0.210
14 0.123 -0.162 0.047 0.186 0.025 -0.174
15 0.271 -0.304 0.183 0.203 0.215 0.012

16 0.222 0.159 -0.059 0.348 0.141 0.126 o
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FLORAL BIOLOGY AND THE FORAGING BEHAVIOUR OF APIS CERANA
F ON LETTUCE CROPS ANP ITS IMPACT ON SEED
PRODUCTION

UMA PRATAP AND L. R, VERMA
International Centre for Inlegrated Mountain Development, Kathmandu, P.0, Box 3226, Nepal

SUMMARY

Lach lettuce plant had an average of 20 branches and cach braoch bote an average of
75 Nowering heads (capitula). Lach head was bright ycllow in colour and 15 mm in diameter
and was surrounded by a scries uf overlapping bracts called involucre. A bead contained an
average of 20-25 florets that developed simultancously. Floral heads opened at 0822 h in the
morning remained open for about3.13 b and then closed at 1135h. The total flowering

period of the crop lasted for onc mouth, i.e., mid-Juge to mid-July.

Bees started foraging on lettuce heads at Y816 h and kept on foraging until the head
remained open, I'eakforaging activity was observd between 0900-1100 h,  Fach bee spent
an average time of 3.8% scconds on the fower, visited 10 Aowers per minute, and collected
a pollen load of 8 ing during 3 tingle foraging trip. The duration of each loragiog trip was

15,66 minutes.
Bee pollination increased the number of sceds per frait by 31,8 and 21.05 per ceot and

sced weight by 16,03 and 9.22 per ceot respectively compared to control and open-poliinated
plaats respectively. The length of the secd increcased by 23.88 and 11,26 and seed germina-
tion by 20.09 and 12,83 per cent compared 1o contral and open pollinated plants respectively.
Seeds from the bee-pollinated plants showed resistance to fungal attack,

INTRODUCTION

Lettuce (Lactuca sativa) is grown for its succulent leaves which are used for salad
and as a vegetable. Lettuce flowers are usually considered as self-pollinated (Watts 9;
Thompson et al. G). There is no evidence in literature that lcttuce flowers sccrete
any nectar (McGregor, 4). however, it is a good pollen plant and bees collect pollen
from it (Thompson, 3).

The structure of the lettuce flower encourages self-pollination (McGreogor, 4)
and the plants are sclf-compatible. ~Cross-pollination has also been observed however,
(Thompson et al., 63 Watts, 9). Cross-pollination of its flowers by wind is not possible
because of the lieavy and sticky naturc of the pollen, and itis brought about by inscct
pollinators which visit lettuce flowers for their pollen. Jones (3) concluded that
pollinating insects contribute to the effective transfer of pollen to the stigma within the
flower and most likely between the flowers also.

Practically no work hasbeen carried out on the pollination requirements of
lettuce crops under the agroccological conditions of the Indian sub-continent. In the
present investigation, dectailed study of floral biology and the foraging behaviour of
the Asian hive bee, Apis cerana, has been carried out in order to assess the suitability
of the native bee species as a pollinator of lettuce crops.
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MATERIALS AND METHODS

The foraging behaviour of Apis cerana on letiuce flowers (Lactuca salioa var.
atlantaj was studied at the [ MG/FAQ Vegetable Seed Production Farm at Khumaltar
in the Kathmandu valley. The crop was 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

Aowers, and total blooming period of the crop.
Observations on foraging bchaviour were recorded for the daily time of initiation

and cessation of foraging, duration of foraging activities individual bee’s choice of
nectar and pollen, weight of polien load carried by a bee at different hours of
the day, time spent on the flower and the number of fowers visited per minute.
For other logistics of foraging behaviour studies, the methods given by Verma and Dulta

(8) were followed.
Three sets of experiments were performed in order to estimate the impact of bee

pollination on seed production:
1. Control (no insect pollinators)
2. Open-pollinated (only natural insect pollinators)

3. Bee-pollinated.

For control ten branches (one branch each of ten plants with an almost equal
number of flowersjbuds of almost the same age) were covered with muslin bags so
that no insect pollinator could enter into the bag to pollinate flowers. For open
pollinated flowers observations were made under natural conditions under which
honeybees and other natural insect pollinators could visit the flowers freely. For
honeybee-pollinated flowers, 75 plants were covered with a pollination cage which
was 15 m long, 3 m wide, and 9-9.5 m high. When about 10 per cent of the crop
wasin bloom, a medium sized colony cf Apis cerana with 7 frames covered with bees
was placed in that pollination cage. The bees were kept inside that pollination cage
until the end of the flowering pericd.

After the crop was ripe. 10 branches cach from bagged, open-pollinated, and
bee-pollinated plants containing almost an equal number of fruits were collected/
harvested. Changes in the quality and quantity of the seeds due to bee pollination
were assessed in terms of increase in the number of fruits per branch or per plant (fruit
set) ; number of sceds per fruit; weight of 100 seeds, and per cent germination.

Data were analysed statistically using student’s " test.

RESULTS

Observations on the floral biology of the lettuce plant have been summarised
in Table 1 ‘which shows thata lettuce plant had 20 (15-25) branches and each branch
bore an average number of 75 (15-175) yellow fAowering heads (capitula), Each head
was about 15 mm in diameter and was surrounded by 2 series of overlapping bracts
called the involucre. It contained an average number of 22 (20-25) small sessile flowers
galled ‘florets’ that dcvclopcd simultancously. Each floret had one celled ovary
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with the style lopger than the stamcn and a bifid stigma; five stamens with syngeniceous
anthers; and five toothcd bright yellow coloured petals. The calyx was represented by

a pappus.
Table V. Floral Biology of Lettuees in the Kathmandu Vallzy, Nepal

—— ——— —

Parameter Mean Range of Variation
No. of fiowers* per branch 75 15-175
No. of flowers* per plant 1,550 1,000-2,300
Time of flower* opeaing 0822 0800-0900
**Time of flower ® closing 1135 1110-12,0
Diameter Capitulym/head(mm) 15 12-16
7 6.9

Length of bud(mm)
Onc month (mid<June to mid-Joly)

Total flowering period
———

st

* Inlettuces, small fowers {florets) cluster in the form of a hcad (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 florets.
®* On a cloudy day, flowers remain open for a long time.
‘The flowering heads (capiluta) opened at 0822 h in the morning (.., between
0800-0900 h) and closed at 1135 h (i.e., between 1100-1200 h) depending upon wea'her
conditions, and thus remained open for 3.13 h only. The total flowering period of

the crop lasted for about une month (i.e., mid-June to mid-July).
Table 2 shows the foraging behaviour of honeybees on lettuce flowers, The

Table 2. Foraging Behaviour of Apis cerana on Lettuce Plants in the Kathmandu Valley,
Nepal Values are mean 4 S.F.

D

Mean Value

Parameter
Initiation of foraging (time of day) 08304-0.05
Cessatinn of foraging (time ofday) 11304-0.05
Duration of foraging activsty (h) 8,004.0.05
Peak foraging hours (time Eﬂ'da"y) 090041100
Duration of foraging trip (min) 15.66 10.0¢
Time of flower (sec) 3.84+10.02
Time taken to shift from Aower to fower (sec) 2.69-4-9.07
Distance covered from flower to flower (cm) 9.864-2.01
No. of flowers visited per min 10.041.0
Pollen load (mg) 8.04-01
Nuraber of Bees per Plant 4141
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bees started foraging on lettuce soon after the flowering heads were open i.c., at 08304

0.05 h and ccased their foraging activitics only when flowering heads were closed,
i.e.,at 113040.05 h. Peak foraging activity was observed between 0900-1100 h. The
average duration of each foraging trip was 13,06 £0.04 minutes. Each bee spent an
average time of 3.844:0.02secon a flower, collected 8.040.1 mg of pollen, and visited
10.0 4 1.0 flowers per minute. Number of bees per plant was 4.0 £1.0. Bees collected
only pollen because the plant secreted no nectar.

Qualitative and quantitative effects of Apis cerana pollination are presented in
Table 3. This table shows that bee pollination significantly increased the number of
sceds per fruit by 318 and 91.05 per cent compared to control and open pollinated
plants respectively. Sced weights increased due to bee pollination by 16.03 per cent
compared to control and 9.22 per cent compared 10 open-pollinated plants. DBee
pollination also increased the seed length by 23.88 and 11.26 per cent compared to
control and open-pollinated plants respectively. The germination of sceds was
enhaneed by 20 and and 12.83 per cent compared to control and open-pollinated

plants respectively. Moreover sceds from bee-pollinated plants showed resistance to

fungal attack.

Table 3. Qualitative and Quantitative Effects of Apis cerana Pollination on Lettuce Seeds
Values are mean + S.F.

e —— . r—————————— S S —

Parameter Coatrol Open Bee o, Increase’ % Incicase®
Pollinated Pollinated

31.808¢ 21.05¢%

No. of Sceds 15,704-0.63 17.104 .30 20.704-0.75
per Fruit
100 Seed 109.574-0.46 110.4140.39 127.144-0.85 16.03¢ ¢ 9.22¢
Weight (mg)
Length of 3.954.0.10 3.7340.09 4.1540.10 21.088¢ 11.26¢
sced (mm)
Percent 76.66 83.83 96.66 20.00 12.83
Germinafion
Resistance to Susceptible Less resistant More
Pungal Attack (6 out of 25 (2 out of 25 Resistant (no
seeds were sceds were sceds waa
attacked by attacked by attacked by
fupgus) fungus) fungus)

— s

% = Significant (P = 0.05)
*#% . Significant (P = 0.01)
1. = Increase compared to control

2. = Ingrease compared to open-pollinated
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DISCUSSIONS

The floral biolagy of the lettuce (Lactuce sativa) is similar to that described earlicr
by McGregor (4) and Free (2). This plant flowers during June-July when many other
wild and cultivated plants are also in bloom, yet the brig:* yellow flowers of this plant
attracted a goodly nuinber of /Apis cerana workers suzgesting that it is quite attrartive to
bees and a good source of pollen.  However, this plant did not produce any ncctar
(McGregor, 4).

Observations on the foraging bchaviour (Table 2) suggested that inititation,
cessation, and the peak hours of foraging activity of Apis cerana depend upon the time
of opening and closing of the flower and the duration of its remaining open, which
in turn depend upon environmental factors such as temperature, relative humidity, and
sunlight. Bees started foraginj soon after the flowers opened and ceased their
foraging activities only when the (lowcrs closed, and they collected sizeable amounts
of pollen.

The lettuce flower is usually self-pollinated but cross-pollination has also been
observed (Thompson ef al. 6; Watts 9. The present results agree with these observa-
tions because some seed set was observed even in the control/bagged plants also. Bee
pollinated flowers not only enhanced seed set, size and weight but the seeds produced
from such fowers showed a higher germination percentage add resistance to fungal
attack.

Thus it is not only the self-sterile varieties/cultivars which require cross-pollina-
tion, but also the self-fertile forms which would also produce more and better quality
sceds if pollinated by honeybees and other natural insect pollinators. This enhance.
ment in the yield and quality of seed might be because of heterosis (Verma, 7: Dulta
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
Development (ICIMOD) P.O. Box 3226, Kathmandu, Nepal

Introduction

The sustainable development of agriculture in 21st century will
necessitate a reorientation of the present crop production technologies.
Instead of making substantial use of chemical fertilizers, biocides,
irrigation facilities and heavy machinery for yield enhancement, a shift
towards biologically based agriculture will become necessary to increase
food productivity. Emphasis in future should be on the full utilization of
underutilized resources which are environmentally more friendly. One
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
different crops such as fruits and nuts, vegetables and pulses, oil and
forage crops has often been underestimated especially in developing
countries all over the world. Most of the research work on crop pollination
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
honey and other hive products. The value of bee pollination in crop
production in U.S.A. has been estimated at US $ 20 billions per year
(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
about promoting bees and bee keeping as an important component of
present day strategies for sustainable agriculture and integrated rural

development programmes. SEST AVAI 2531 = e
MOl {(}L(’{'ﬂ./w"\}, )_



Genetic Diversity of Apis cerana in India

Amongst the different species of honeybees found in India, Apis cerana
fs equivalent of European honeybee Apis mellifera. Both these species
build parallel combs and can be domesticated. The genelic 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 0° (equator) to

50° N and 30° 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 ithe 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 ailitudes 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 Apls mellifera: Problems and Prospects

There is a current movement in Asia including India to import European
hive bee, Apis mellifera for commercial 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 imporis of
exotic Apis mellifera to Asia have proved disastrous. When kept
sympalrically, 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
mellifera has now largely replaced native Apis cerana. Other Asian
countries such as Pakistan and India are now following this trend (Verma,

1592c¢).

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

Introduction of Apis mellifera has put the beekeeping industry in Asia in a
dilemma. In order to resolve such dilemma, 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 in view, 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 for Apis cerana. In
Apis cerana, pollen arid 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 colleciors 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 21.0°C 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
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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
delayed and its cessation advanced with increasing altitude. In both
species duration of each foraging trip increased with increase in altitude
of the orchard. Altitude had no significant effect (p>0.05) on other
paramelers 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
mellifera was significantly greater (p<0.05) than of Apis cerana. Fuel
content in terms of glycogen, total lipids, and associaled enzyme systems
were greater in Apis melliferathan in Apis cerana (Dulta and Verma 1989).
Morphometric analysis show that Apis mellifera s 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
sub-tropical plain area. There, brood - rearing usually starts in the first or
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
cultivation in Himachal Pradesh, apple growers are now aware of the
important role honeybees.play in app'e pollination. As a result of this
practice by the State Horticulture Department, many fruit-growers now
maintain their own colonies of bees for the purpose of pollination and

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 ceranabegins foraging (pollination) activities at a lower temperalture
(3-5°C cooler) than Apis mellifera. Further, peak foraging activity of Apis
cerana occurs at temperature 5-6°C 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 mellifera 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 2nd 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
wili 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 mellifera 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.

Alarge 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 poliinators,
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 chemicai
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 par of cultural and natural heritage of rural
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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 pctentially be of great importance tc beekeeping and
pollination even outside ils range. New technologies in mclecular biology
will oresent opportunities 1o introduce genes that ccce for desirable
characteristics of Apis cerana into population of Apis mellifera and
vice-versa. However, introduction of Apis cerana outside ils nalive range
for global commercial development would require following testing and

mcenitoring.

_ identification of commercially valuable sub-species/geographic
ecctypes of Apis ceranain its native habitat;

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

_ Zonation of areas for Apis cerana and Apis mellifera beekeeping. Such
zonalion would solve the problem of inter- species competition.
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POLLINATION OF VEGETABLE CROPS USING THE
ASIAN HIVE BEE, APIS CERANA, IN THE
KATHMANDU VALLEY, NEPAL
Uma Partap and L.R. Verma

International Centre for Integrated Mountain Development (ICIMOD)
Kathmandu, Nepal

Many vegetable crops are completely or partially seif-incompatible and
incapable of pollinating themselves, so the cross-pollination of their
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
cerana, to enhance the yield and quality of seed production in these
crops.

Plants of these vegetable crops, i.e. cauliflowers (Brassica oleraceavar.
botrytis sub-var Kathmandu Local); cabbages (Brassica oleracea var.
capitata sub-var Pride of India); radishes (Raphanus sativus var. Mino
Early), and lettuces (Lactuca sativa) were raised on the experimental
plots. of the HMG/FAO Vegetable Seed Production Farm, Khumaltar,
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, icn branches (one each from 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 to 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 &bout 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 polien 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
increase in fruit set, number of seeds per fruit, and increase in seed

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 peak 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
outnurnbered pollen ccllectors. 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 tiip. 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 150C 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 poliens. 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 (P:N = 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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outnumbered pollen collectors (P:N = 3:7). Bee pollination significantly
enhanced fruit set by 23 per cent compared !0 open-pollinated plants.
Bee-potiination also significantly increased the number of seeds per
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
tha! the crop was self-incompatible. Bee-pollination enhanced seed

germination by 32 per cent.

Lettuce

The bees started foraging on lettuce soon after the flowering head was
open, i.e. at 0830 h and ceased their activities only when the flowering
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
15.6 minutes. Each bee spent an average of 3.84 sec on a flower,
collected 8 mg of pollen and visited 13 tlowers 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 {o 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
control and open- pollinated plants respectively. Seeds from bee-
pollinated plants also showed resistance to fungal attack.
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Summary

Floral biology and the foraging behaviour of Apis cerana oo 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 14-15mm
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 b in the morning and ceased their activities at 1805 and 1835 h in the evening
respectively. Thus tiie total duration of foraging activity on cauliflowers was 11.03 h and on cabbages
12.05 h. Peak foraging activity was observed between 1000-1300 h in the case of both cauliflowers and
cabbages and 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
nectar collectors, the P:N ratio was equal at noon, and, in the afternoon hours, nectar collectors
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 eifects 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. In cabbages,
control plants had no finit set. Siliqua from cootrol, open-and bee-pollinated cauliflower plants had 3,
15, and 20 seeds wiiereas, irom open and bee-pollinated cabbage plants, each siliqua contained 18.5 and
28.3 seeds respectively. Bee pitination increased seed germination by 16 and 12 per cent compared to
control and open-pollinated cauliflower plants and by 28 per cent compared to open-pollinated cabbage
plants.
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Introduction

Beekeeping with the Asian hive bee (4pis cerana) is a centuries’ old traditional occupation which is an
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
litle 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, a search for alternative pollinating agents is being intensified. In this respect,
Apis cerana is potentially 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 a pollinator of cultivated crops in general.

Material and Methods

The foraging behaviour of Apis cerana on the flowers of cauliflower (Brassica oleracea var floribunda
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 aumber 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 a bec at different hours of the day, time speat 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.

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 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 thé 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.



Three sets of pollination experiments were performed for each crop in order to estimate the impact of

bee pollination on seed production.
(1) 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 b seybee-pollinated 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, a mediur:-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 assessed 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 usiny the student’s ‘t’ test.

Results

The floral biology of the crops is given in Table 1. Cauliflowers and cabbages had an average number
of 6to 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 ior two to three days, 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 loag stamens arranged in two pairs were inner in
position, while two short stamens were outer in position). Four green dot-lik> nectaries vere present at
the base of the outer and inner paired stamens and a bicarpellary, syncarpous, superior ovary, small style,
and a capitate 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.

Sren RAILAELE BULURENT



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 cahbages,
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
environmental temperature of 20°C and a relative humidity of 50 per ceat. Thus the total duration of
foraging activity was 11.03 + 0.03 and 12.05 £ 0.05 h per day for cauliflower and cabbage crops
respectively. Peak foraging activity was observed between 1100-1300 h for both cauliflowers and
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 12C0h and 5.14 + 0.2 and 6.69 + 0.24 seconds at 1500 b
on each cauliflower and cabbage flower respectively. The number 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 + 0.50 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
and 23.87 + 0.42 minutes from morning until afternoon on cauliflower and cabbage crops respectively.

Each Apis cerana worker 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 + 003 mgat 1200 h and 5.0 + 0.5 and 8.0 + 0.49 mg at 1500 h 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
at 0900 h; 8 and 4 at 1200 h; and 4 and 3 at 1500 h on cauliflowers and cabbages respectively.

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 natural insect
pellinators. 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
oumber of siliqua per branch was increased by 34 per cent in bee-pollinated compared to opea-pollinated

plants.

The aumber of seeds per siliqua from bee-pollinated cauliflowers incieased 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 and 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 a result of bee pollination.



Discussion

The floral biology of cabbage and cauliflower cultivars studied in the present investigations is similar to
earlier descriptions by McGregor (1976) and Free (1970). Since caulitlowers 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 is essential, 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 a good 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 a better pollinator of cauliflowers than the exotic, Apis mellifera, in India. 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 a heavier pollen load during the noon hours. and 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 ceat) 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 evigenced 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. 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 pollea 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 timc 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 cauliflowers increased by 38.6 and 27.2 per cent
compared to control and open-pollinated plants respectively and in cabbages, sead 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 Josii (1983) who reported that Apis cerana pollinated
cauliflowers resulted in an increase in bud set (44 7 to 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 al. (1988) and Rao et al. (1984) also showed similas results
of seed set and seed weight in cauliffowers 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 of self-
compatibility. But the pollen grains transterred by self-pollination were oot 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

Cauliflower

Cabbage

No. of flowers per branch

M 600; RV 500-700

M 94; RV 84-106

No. of flowers per plant

M 4,000, RV 3,000-5,000

M 1128; RV 900-1,500

Time of flower opening

Time of flower closing

Open in the morning and
remains open for about 2-3
days

Same as in Cauliflower

Diameter of flower/head
(mm)

M 15; RV 12-16

M 14; RV 12-15

Length of bud (mm)

M 9; RV 8-10

M 8 RV79

Total tlowering period

One month (mid Feb-mid
Mar)

One month (mid Mar-Mid
Apr)

M = Mean

RV = Range of variation

O



Table 2: Comparative Foraging Behaviour of Apis cerana on Cauliflower and Cabbage Plants in Kathmandu

Valley, Nepal
Values are mean + S.E.
Parameter Cauliflower Cabbage

Initiation of foraging (time of day) 0702 + 0.02 0630 + 0.02
Cessation of foraging (time of day) 1805 + 0.02 1835 + 0.03
Duration of foraging activity (k) 11.03 £ 0.03 12.05 1 0.05
Peak foraging hours (time of day) 1100 - 1300 1100 + 1300
Duration of foraging tnp (min) 26.87 + 0.81 23.87 + 0.42
Time on flower (sec) at

0%00 h 5.83 £ 0.3 4.33 1 0.21

1200 h 6.69 £ 0.5 4.63 + 0.32

1500 h 5.14 £+ 0.2 6.90 t 0.24
Time takea to shift from flower to flower (sec) at

09500 h 2.51 £ 0.1 3.33 + 0.50

1200 h 3.35 £ 0.3 3.63 £ 0.30

1500 b 2.15 ¢ 0.1 3.43 £+ 0.30
Distance covered from flower to flower (cm) at

0%00 h 9.43 1+ 2.0 09.80 + 2.25

1200 b 9.25 t 1.1 21.83 £ 1.50

1500 b 9.4 £+ 1.5 22.00 t 3.02
No. of flowers visited per min at

0900 h 7.0 + 0.5 7.00 £+ 0.40

1200 b 6.0 + 1.0 7.00 1 0.50

1500 b 8.0 + 0.5 5.00 1+ 0.50
Pollen load (mg) at

0900 h 7.0 £ 0.5 08.00 1 0.03

1200 b 9.0 + 0.3 10.00 + 0.01

1500 b 5.0+ 0.5 08.00 + 0.49
Ratio between pollen collectors and nectar collectors
(P:N) at

0900 b 7:3 6:4

1200 h 5:5 5:5

1500 h 3:7 4:6
Top vs side workers 2t

0900 h 6:4 9:1

1200 b 5:5 7:3

| 1500 b 4:6 4:6

No. of bees per plent at

0900 h 9 3

1200 h 8 4

1500 b 4 3
Non-cerana pollinators Insects such as Enistrlis, | lnsects such as Eristalis,

stingless bees, butterflies, | stingless bees, butterflics,
ladybird beetle, etc ladybird beetle, etc

Pollen + Nectar collectors (P +N) at

0900 h nil} nill

1200 b nill nill

1500 h nill nill
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Table 3: Quantitative and Qualitative Effects of Apis cerana Pollination on Cauliflower
Seeds
Values are mean * S.E.
Parameter Control Open- Bee- Per cent [ Per cen
pollinatedipollinated|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
per Branch
NG. of Seeds 373%1.4 | 14.8%0.6 | 19.8%0.5 500 33.8
per Siliqua
100 seed 26457 31378 330%12 62.9 37.4
weight (mg)
Per cent 80.0 84.0 96.0 16.0 12.0
lGermination

Increase Compared to Control

“ncrease Compared to Open-pollinzted

Significant (P =

Significant (P’

0.01)

e.os)



Quantitative and Qualitative EBffects of Apis cerana

Table 4:
Pollination on Cabbage Beeds.
Values are Mean + 8.E.
Parameter Control Open- Bee- Per cent
pollinated | pollinated |Increase
Per cent Fruit No Fruit Set 52.0 79.0 27.0
Set
No. of Siliqua = 39.0 £ 2.7 | 75.0 £ 2.9 [ 53. 1
per uranch
No. of Seeds per = 18 * 0.1 28.3 £ 6.7 | 52.9
Siliqua
100 Seed Weight = 278.0 £ 4.0 420.0 £ 3.0 ] B51.1 ]
(mg)
Per cent - 56.0 84.0 28.0
IGermination
* Significant (P = 0.01)
13
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ASIAN HIVE BEE (APIS CERANA) AS A POLLINATOR OF THE RADISH FLOWER
AND ITS IMPACT ON SEED PRODUCTION

UMA PARTAP AND L.R. VERMA

International Centre for Integrated Mountain Development (ICIMOD) Kathmandu, Nepal

Abstract

Floral biology of the radish (Raphanus sativus vas. 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. ilowerc 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 risc) 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 8.0,9.0and 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 se
number of seeds per pod, 100 seed weight, and germination by 23.0,42.3,44.5and 32.0 per ccnt
respectively compared to open-pollinated plants. Control plants had no pod set.
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Introduction

Vegetable seed production offers an opportunity for the commercialization of agricultre. For the
production of good quality seeds. sufficient or adequate pollination of vegetable crops is essential.
Further. many of these vegetable crops are completely or partially self-incompatible and incapable
of pollinating themselves (Tewari and Singh 1983; Verma 1990).

The radish. an important vegetable and salad crop. is widely grown. Like other vegetable crops. many
varieties of this crop are self-incompatible and almost entirely cross-pollinated. Therefore, cross-
pollination of its flowers through honeybee and other natural insect pollirators is of great significance
for seed production. Radchenko (1966) stated that 77-94 per cent of the total radish pollination was
primarily by honeybees (Apis meiiifera) 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.

In order to fill in the lacunae in research on pollination ecology, field experiments on floral biology.
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

Seeds of the radish (Raphanus safivus var. Mino Early) were sown on the experimental plots of
HMG/FAO Vegetable Seed Production Farm, Khumaltar, Kathmandu (27°40'N and 85°20°E) during
the month of September, 1991. The seedlings were transplanted at about one month old on the
experimental plots at a plant to plant distance of 50-60 cm and a row (0 row distance of 70-80 cm.
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.

Three sets ‘of pollination experiments were performed when the crop started to bloom in the first
week of March.

(1) Control (no insect pollinators)
(i) Open pollination (only natural insect pollinators)
(1ii) Bee pollination

For control purposes, ten branches (one branch each of ten plants with an almost equal number of
flowers/buds of almost the same age) were co.<red with muslin bags so that no insect pollinator
could enter the cage to pollinatc the flowers. For open-pollinated flowers, observations were taken
under natural conditions in which natural insect pollinators could visit the flowers frecly. For
honeybee-pollinated flowers, 75 plants were covered with a 15 mm long, pollination cage 3 m wide.
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and 2-2.5 m high. so that no insect pollinator could enter. Three such pollination cages were used.
When 5-19 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
on the flower and the number of flowers visited per minute by a bee were taken at three different
times of the day i.e. 900 (2.46 h after sun rise), 1200 (5.46 h after sun rise) and 1500 h (8.46 h after

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 h after 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 mornirg 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 sach 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.

Results

Each radish plant had an average of ten branches and each branch bore an average of 155.2418.3
flowers. The white to lilac, 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 tetradynamcus stamens (four long, two short), and

a bicarpellary, syncarpous ovary with a short style and capitate stigma. Four disc-like nectaries were
present at the base of the outer small and inner paired stamens. The crop started “Tlowering during the
first week of March and continued until the last week of March, thus the totai 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 06.4C 1-0.02 h and stopped at 18.30 40.02 h in the evening,
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thus the total duration of foraging activity was 11.50 +0.04 h per day. Peak foraging activity was
observed between 1100-1300 h when the outside wemperature ranged between 21°C-25°C and relative
humidity ranged between 30 per cent 10 78 per cent. Duration of each foraging trip was 22.1+0.03

minntes and each bee made an average of 9 + 1| wips per day.

Each bee spent an average of 4.3 +C.01,5.3 £0.03 and 12.8 +0.03 seconds on each flower. and
visited an average of 8.0 +0.5.9.0 +0.4, and 5.0 +0.4 flowers per minute during at 0900 (2.46 h
afi>r sun rise). 1200 (5.46 h after sun rise), and 1500 h (8.46 h after sun rise) respectively. Each bee
collected a pollen lcad of 11.040.2 mg at 0900 h, 10.0+0.5 mg at 1200 h and 7.0+05 mg at 1500
h. The number of bees per plant was 9+2.8+1.2and 4+lat 0900 (2.46 h after sun rise), 1200 (5.46
h after sun rise). and 1500 h (8.46 h after sun rise) respectively.

Pollen collectors (P) outnumbered nectar collectors (N) i.e. P>Nat 0900 h (2.46 h after sun rise), the
ratio was equal at 1200 h (5.46 i after sun rise) and at 1500 h (8.46 h after sun rise) N> P.Most ¢f
the bees coilected either nectar of pollen during a single foraging trip. but, a few bees, {four per cent
during the morning and seven per cent at noon) collected both pollen as well as nectar during the

same foraging trip.

The effects of Apis cerana pollination on the quality and quantity of radish crops are summarized
in Table 3. Bee pollination significantly enhanced pod set by 23.0 percent compared o open-
pollinated plants. The control branches did not set any fruit showing that the crop was sclf-
incompatible and required cross pollination by bees and other natural insects. Bee pollination also
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
plants was 32 per cent higher compared to open-pollinated plants.

Discussion

Radish crop blooms during spring season in Kathmandu valley of Nepal. Pollination of its flowers
is possible by using domesticated honeybees as well as other natural insect pollinators. But during
recent years the populations of the natural insect pollinators is decreasing rapidly because of the
heavy use of pesticides on agricultural and horticultural crops and the loss of habitat quality and
quantity. Therefore domesticated species of honeybee remain the most important crop pollinators.
The total flowering period of crop extending upto one month suggests that this crop can be a good

source of nectar and pollen to bees.

Results of the present investigation demonstrate that the total duration of foraging activity ol Apis
cerana worker bees was 11.50 h per day. Our earlier studies (Verma and Partap 1993) on the
foraging behaviour of Apis cerana on other vegetable crops flowering during early spring season also
show that duration of foraging activity was 11.03 h on cauliflower and 12.05 h on cabbage during
February and March respectively.. The potential for long foraging hours cnables boney bees to
pollinate a maximum number of flowers per day and makes them efficient pollinators.

BEST AVAHLADLE COPY
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The peak hours of foraging activity were berween 1100 to 1300 h when temperatures varied berween
21°C -25°C and relative huinidity varied between 50 per cent - 78 per cent (Figure 1), whereas Singh
(1979) observed the maximum activity of Apis cerana 10 between 0900 and 1400 h, with only a few
bees flying after 1600 h. Worker bees of Apis cerana collected heavier pollen loads during morning
and noon hours. This might be because the maximum number of pollen grains was presented by th s
crop during morning and noon hours. Thus the temperature (21-25°C) and relative humidity (50-
78 %) during these hours are not only best suited for the peak foraging activities of worker bees but
also for gathering heavier pollen loads. This is further supported by the fact that P>N during
morning hours and N>P during afternoon hours. Another possible reason for this change from
pollen to nectar collection during the day might be a depletion of available pollen as foragers

collected 1t in the morning hours.

The qualitative and quantitative effects of Apis cerana pollination (Table 3) show that Apis cerana
pollination increased pod set, seed set. seed weight, and germination percentage of the seeds
compared to open-pollinated plants. Increase in fruit set and seed set as a result of bez pollination
could be due to sufficient number and the better pollinating efficiency of honeybees. Further, these
roneybees could transfer amounts of pollen grain sufficient to pollinate a maximum number of ovules
inside the ovary to produce more seeds. thus resulting in increased seed set. Natural insect
poliinators, on the other hand, due to their insufficient number, low temperatures at the time of
flowering. and poor pollinating efficiency, could not pollinate a sufficient sumber of flowers. This
resulted in low iruit and seed set. Similar studies made by us for other vegetable crops such as
cauliflower and cabbage in Kathmandu valley (Verma and Partap 1993) have showi that bee
pollination increased the yield and enhance the quality of seeds of these crops.

The quality of seeds can be assessed by their weight and germination efficiency. Bee pollination
increased 100 seed weight and seed germination by 44.5 and 32.0 per cent compared 10 open-
pollinated plants (thus producing better quality seeds). The improvement of seed quality as a result
of bee poHination might be 2 result of heterosis. No fruit set in the control (bagged) branches means
that the crop was self-incompatible and required cross-pollination by honeybees and other natural

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

Time of flower closing

Open in the morning and remains open for about
three days

Diameter of flower (mm)

14.1+1.3

Total flowering period

One month (March Ist week to March last week)
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Table 2: Foraging Behaviour of Apis cerana on Radish Plants in the Kathmandu Valley,
vepal. Values are Mean +S.E.

Darameter Mean Value
Initiaton of foraging (time of day) 06.40 +5.02
Cessation of foraging (time of day) 18.30 +0.02
Duration of foraging activity (h) 11.5C 1-0.04
Peak foraging hours (time of day) 1100 - 1300
Duration of foraging trip (min) 22.1 £0.03
Time spent on flower (sec)
0900 h (2.46 h after sun rise) : 4.3 +0.06
1200 h (5.46 h after sun rise) 5.3 4+0.03
1500 h (8.46 h after sun rise) 12.8 +£0.03
No. of flowers visited per minute
0900 h (2.46 h after sun rise) 8.0 +0.5
1200 h (5.46 h after sun rise) 9.0 +0.4
1500 h (8.46 h after sun rise) 5.0 +0.5
Pollen load (mg)
0900 h (2.46 h after sun rise) 11.0 £0.2
1200 h (5.46 h after sun rise) 10.0 +0.5
1500 h (8.46 h after sun rise) 7.0 £0.5 :
Ratio between pollen-collectors and nectar- '
collectors (P:N)
0900 h (2.46 h after sun rise) 6:4
1200 h (5.46 h after sun rise) 5:5
1500 h (8.46 h after sun rise) 3.7
No. of bee: per plant
0900 h (2.46 h after sun rise) 5 +1
1200 h (5.46 h after sun rise) 941
1500 h (8.46 h after sun rise) 4 +1
Pollen + Nectar collectors (P+N)
0900 h (2.46 h after sun rise) 4%
1200 h (5.46 h after sun rise) 7%
1500 h (8.46 h after sun rise) nil
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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 | 51.24+4.9 | 74.2+4.4 | 23.0 F=136.29
df, =1.df,=18
No. of Seeds per - 5.2704 |7.4+03 42.3 F=85.60
Pod df, =1.df,=38
100 seed Wt. (mg) - 1276 +4 | 1844 +7 44.5 F=497.03
df, =1,df,=18
Per cent - 44,0434 | 76.0+3.6 32.0 F=642.92
Germination of df, =1.df, =18
Seeds

di,  degrees of freedom for numerator
df,  degrees of freedom for denominator

Differences in pod set, number of seed per ped, 100 seed weight and germination between open
pollinated and bee pollinated are significant (P<0.01).
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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
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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 Khumal Broad Leaf) was swdied 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 opered in the morning and remained
open for 3-4 days. Each flower was 10 mm in diameter and a bud 6 mm long. Toual

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 to0 Apis mellifera
worker bees which started foraging activity at 0649 h and ceased at 1811 h. Thus, the duration
of foraging 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 cerana 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 polien 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

Indian Mustard (Brassica juncea var Khumal Broad Leaf) is widely grown in
Kathmandu valley of Nepal for its leaves and tender shoots which are used as vegetable. The
crop is self compatible and its flowers self-pollinated. however. some amount of cross

pollination has also been reported (Free and Spencer-Booth. 1963: Free. 1970; McGregor.

1976).

Cross pollination of its flower is brought about by insect poilinators 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 10 be of great benefit (Free and Spencer-Booth, 1963). The

flowers of this plant are quite aractive to both Apis cerana and Apis mellifera and good

source of both pollen and nectar.

In the present investigation we have compared the foraging behavior of two honeybee
species; the native bee Apis cerana and the exotic bee Apis mellifera on Indian mustard crop
in order to assess the role of these two bee species as pollinator. Such studies assume great

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
the foraging behavior of Apis cerana and Apis mellifera on its flowers was studied during

February-March, 1993 at Kathmandu valley of Nepal. The crop was raised under standard

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.



In order to study the foraging behavior of Apis cerana and Apis mellifera on Indian
mustard flower 4 colomes (2 colonies each of Apis cerana and Apis mellifera) each containing
7 frames of worker 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 were 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
by an individual bee, time spent on the flower and number of flowers visited per minute. For
other logistics of foraging behavior studies, methads given by Verma and Dulta (1986) were
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 ard 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 15G0 h of each day. Peak hours of
foraging activity were determined by counting the number of bees cntering 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. In order 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 siatistically using standard errors of mean and student’s ‘" test.
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Results

Table 1 shows the floral biology of the crop. The plant had an average number of 10
(range 8-12) branches and each branch bore an average number of 1300 (range 1000-1500)

Nowers. Flowers opened in the morning and remained open for about 3-4 days. Flower was

10 mm in diameter and bud was 6 mm long. It was bright yellow in color having 4 sepals.
4 cruciform petals, six stamens (2 short, 4 long) and one capitate stigma. Flowering of the

crop started in mid-February till the end of the March. Thus total flowering period of the crop

lasted for about six weeks.

Comparative Foraging Behavior of Apis cerana and Apis mellifera on Indian Mustard

(Brassica juncec, var Khumal Broad Leaf) is presented in Table 2. Apis cerana began foraging

earlier in the morning (mean time 0626 h) than Apis mellifera (mean time 0649 h). In the
evening Apis mellifera siopped earlier (mezn rime 1811 h) than Apis cerana (mean time 1821
h). The average duration of foraging activity was 11.55h for Apis cerana and 11.22 hours for

Apis mellifera. Differences in all three parameters were significant at P<0.01.

The duration of an individual foraging trip by Apis cerana was 23.24 Y 0.22 min.,

significantly shorter (P <0.01) than the time of 25.29 Y 0.57 min. for Apis mellifera
(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,

number of flowers visited on each plant at a time (T able 2).

Nectar collectors outnumbered pollen collectors (P <0.01) for both species throughout
the day, except at 1200 h in Apis mellifera when pollen collectors were significantly more than
nectar collectors. The ratio of nectar collectors to pollen collectors varied considerably with

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 tor Apis cerana (mean number of incoming bees/ three minutes)
occurred between 1200 - 1300 hours when the temperature was 25.8 1o 27.47C; relative
humidity range 52.2 to 58.4: and, for Apis mellifera. it occurred between 1300 to 1400 hours

when the mean outside temperature was 25.6to 27.4 Cand the relative humidity ranged from

5.2 10 56.6 per cent (Figure 1).

Discussion

Floral biology of Indian mustard swudied 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 o 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 ccased 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 foragp and pollinate flowers for extended period of time as compared
to Apis mellifzra, 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.



The differences that were observed between the species with respect to the time of
initiation and peak hours of foraging activity agree with those of Verma and Dula (1986).
These differences in foraging preferences may have reflected the differences in temperature and

relative humidity preferences. The mean duration of an individual foraging trip (Table 2) was

signiticantly longer for Apis mellifera (mean iime 25.29 min.) than Apis cerana (mean time
33.24 min.). These differences might be auributable to a difference in the foraging efficiency.

and glycogen supply to the flight muscle. Apis mellifera has more glycogen for fuel than Apis
cerana (Dulta and Verma. 1989). The number of flowers visited per minute by an Apis
mellifera worker bee was more as compared to that by Apis cerana worker bee, however. this
difference was not statistically significant. Similar results were found by Kakkar (1972) who
showed that number of flowers visited per minute by an Apis mellifera worker bee was 8.05

and by Apis cerana was 7.6 on cauliflower crop.

The peak foraging activity of Apis mellifera begins after the peak foraging activity of
Apis cerana decreases. Verma and Dulta (1986) reported similar findings on peak foraging
activities of these two bee species on apple flower. Verma and Partap (1993) observed
maximum activity of Apis cerana between 1100 and 1300 on cauliflower and cabbage in
Kathmandu valley, Nepal during Feb-March. The difference in peak hours between the species
can be exploited in 2 better way and oth these species can be used simultaneously for the
pollination of the same crop. In this way the length of daily period of foraging could be

increased and pollination of the crcp could be improved.

The heavier pollen loads carried by Apis mellifera compared 10 that carried by Apis
cerana may be related to the larger size of body parts already reported for the former species
(Mattu and Verma, 1980: 1983; 1984 a, b, c. Free (1970) and Kendall and Solomon (1973)
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
when pollen collectors outnumbered nectar collectors in Apis mellifera (Table 3). Our results
agree with those of Verma and Dulta /(1986) who reported similar pollen or nectar collecting
behavior of bees during a single foraging trip on apple flowers. In the present investigation.
worker bees of both the species either collected pollen or nectar but not both during the same
foraging trip. This may be because in this crop both nectar and pollen are not equally

attractive 1o 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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Table 1. Floral Biology of Indian Mustard in Kathmandu Valley, Nepal.
The data based on ten observations.

Parameter Mean Range of Variation

No. of flowers per branch 1300 1000-1500

No. of flowers per plant 13070 10800-15400

Time of flower opening

] ) in the morni nd remain open for 3-4 d
Time of flower closing Open in rning anc T P ays

Diameter of flower (mm) 10 9-11

Length of bud (mm) 6 5-7

Total flowering period About six weeks (i.e. middie of February to late March)
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Table 2:

The data are based on ten observations.

Comparative Foraging Behavior of Apis cerana and Apis mellifera on Indian
Mustard flowers during February/March in the Kathmandu Valley, Nepal.

Parameter Apis cerana Apis mellifera
Initiation of foraging (time of day) 0626 +0.65 0649 +0.65™
Cessation of foraging (time of day) 1821 +0.36 1811 +0.35"
Duration of foraging activity (h) 11.55 +£0.92 11.22 +0.57"
Peak foraging hours (time of day) 1200 - 13C0 1300 - 1400
Duration of foraging trip (min) 23.24 +0.22 25.29 +0.57"
Time spent on flower (sec)
0900 h 3.23 40.15 3.22 40.22
1200 h 2.75 +0.16 3.06 +0.16
1500 h 2.75 +0.15 2.74 +0.16
Time taken to shift from flower to flower (sec)
0900 h
1200 h 1.96 +0.17 1.81 40.17
1500 h 1.75 +0.13 1.61 +0.13
1.64 +0.13 1.61 +0.11
Number of tlowers visited per min.
0900 h 11.65 +0.29 12.2040.37
1200 h 11.68 +0.57 13.4340.52
1500 h 13.75 +0.52 14.2340.39
Pollen loads (mg)
0900 k 13.05 +0.48 21.1441.00"
1200 h 12.05 +0.62 23.58+0.62"
1500 h 13.57 +0.46 25.74+0.70"
Number of bees per plant.
0900 h 2 2
1200 h 3 4
1500 h 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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Table 3: Percentage of Apis cerana 2nd Apis mellifera Honeybees Collecting
Poilen, Nectar and Both from Indian Mustard Flowers during
Different Hours of the Day in March in the Kathmandu Valley.
Nepal. The data are based on ten observations.
0900 h 1200 h 1500 h
Forager cerana mellifera cerana mellifera cerana | mellifera
P 17 39 29 60 11 38
N 38 61 T 40 89 62
FN 0 0 0 0 0 0
P:N 1.0:4.9 1.0:1.6 1.0-2.4 1.5:1.0 1.0:8.1 | 1.0:1.6
1500h for

P<N at 0900 h. 1200 h. and 1500 h for Apis cerana and at 090Ch and
Apis mellifera (at P<0.01)

P<N at 1200 h for Apis mellifera (at P<0.01)

PN =

P:N

Pollen coliectors

Nectar collectors

Pollen plus nectar collectors

Ratio between pollen and nectar collectors

12
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VEGETABLE SEED PRODUCTION
USING HIMALAYAN EONEY BEE ( APIS CERANA F.)
AS POLLINATOR IN XATHMANDU VALLEY : INDIAN MUSTARD

UMA PARTAP AND L.R. VERMA

International Centre for Integrated Mountain Development
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P. O. 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 mm and buds 6 mm 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

Successful vegetable farming depends much on the availability of
good quality seeds. The production of such quality seeds depends
upon the sufficient or adequate pollination of these vegetable
crops. Further, many of these vegetable crops are completely or
partially self-incompatible and incapable of pollinating themselves
(Tewari and Singh 1983, Verma, 1990). Cross-pollination of their
flowers by insects pollinators is, therzfore, 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
integral part of cultural and natural heritage of rural
communities in the developing countries of south and south

east Asia.

(ii) Beekeeping with European honeybee Apis mellifera is facing
serious constraints because of parasitic bee mites and
fiercely stinging Africanized bees (Verma 1990;1992).

A large volume of literature , available on the effect of bee

pollination on the yields of various Crops (Deodikar and
Suryanarayana, 1972; 1973; 1977; Free, 1970; McGregor, 1976; Verma,
1990, 1992), indicates that increase in crop yields due to bee
pollination varies from place to place. The variations of impact
on yield and quality of seeds, may even be more pronounced in the
hilly areas, where the agroclimatic conditions vary greatly from
place to place, thus affecting floral biology of the plants and
pollinating efficiency of honey bees. This point emphasizes the

need for area based studies on the use of honey bees for

pollination.



It is against this background, we have studied in detail the role
of the native honey bee species ( Apis cerana )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 Brcad
Leaf) were raised in the experimental plots of HMG/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.



iii. Bee pollinated in cages: Por honeybee pollinated flowers
t 100 plants were covered with a pollination cage (15m
long x 3m wide x 2.5m high) so that no natural insect
pollinator could enter in the cage. When about 10 percent of

a medium sized colony of Apis cerana

abou

the crop was in bloom,
with 7 frames covered with bees free of any sign of disezase
(about 6000-7000 adult workers) was placed in the cage. The
cage size was quite big and in such a large sized cage we
observed the normal behavior of bees without any mortality.

The bees were kept inside the cage till the end of the

flowering peried.

After the crop was ripe’lo branches each from the control, open
pollinated and bee pollinated plants containing almost equal number
of fruits were collected. Changes in the quality and quantity of
the seeds due to bee pollination were assessed in terms of increase
in fruit set, seed set and seed weight. Seed yield per hectare

(kg) was estimated by the foilowing formula

No. of No. of No. of Percent No. of - Wt. of
plants/}( pbranches/Xflowers/A fruit >< seeds/ a seed
hectare plant branch set fruit Average

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 (5"
Number of germinated seed was counted

in diameter)

under room temperature.
after 72 in each case because the number of seeds germinated after

No more seeds germinated after 72 h. Three
ts were repeated

72 h was maximum.
sets of experiments were performed and experimen

twice.

Data were analyzed statistically using standard error about the

means, students’ ‘'t’ test and chi sguare 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 10mm and the buds 6 mm long. Crop started blooming
during February a.ad the total blooming period of crop lasted for
about 6 weeks. Temperature varied between 9°C to 27.4°C and
relative humidity varied between 52.2 to 2.7 percent ( Table 1) at
different hours of the day during the blooming period of the crop.

Qualitative and quantitative effects of bee ( Apis cerana)
pcllination 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 fo
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 yvield 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).



DISCUSSION

Indian mustard crop blooms in early spring season in Kathmandu
valley of Nepal. pollination of its flowers is possible only
through using domesticated honeybees because all other natural
insect pollinators are absent at that time. The total flowering

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
behaviour of Apis cerana in relation to pollination of this crop.
This study revealed that pollination of the crop using Apis cerana
could benefit farmers by increasing the yield and quality of seeds.

Seed characters positively influenced by pollination include, fruit

set, seed set, seed weight and seed germination. Similar studies
done by us for other vegetable Crops in Kathmandu valley ( Verma
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
246.3 and 157.2 percent as a compared to control and open
pollinated and in cabbage by 266.7 percent as compared to open

pollinated (Verma and Partap, 1993a ).

Reports of other workers (Deodikar and Suryanarayana,1972;
1973;1977) do support increase in seed yields of mustard by 13-222
percent because of bee pollination. Free and Spencer-Booth (1963)
did study bee pollinétion effects on the Indian mustard and

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 gquality 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 1indica 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. Howevef one thing is certain vhat 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
11
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Table 2. Floral Biology of Indian Mustard Kathmandu Valley, Nepal.
Values are Arithmatic Means of Ten (bservations + 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

Tine of flower closing

Diameter of flower(mm) 10+0.3

Length of bud (mm) 6+0.3

6 weeks (mid-February to late
March)

Total flowering

period

12
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Table 3: Quantitative and Qualitative Effocts of Apis cerana
Pollination on Indian Mustard Seeds Values are
Arithmatic Means of Ten Observation + S.E.

Parameter Control Open Bee ! % Increase' | % Increase’

Pollinated Pollinated

Fruit set 81.6+2.9 82.5+3.5 87.7+2.3 6.1° 5.2
No.of Seeds 8.5+40.2 10.3+0.3 11.740.2 38.0" 14.2°
per Siliqua
Estimated 260.5 263.4 354.3 36.0™ 34.6"
Seed yield per
ha (kg)
100 Seed 110.24+2.7 148.5+0.9 165.5+0.2 48.4"” 17.0°
Weight (mg)
Percent 69.3+1.7 75.340.7 88.7+1.8 19.4** 34.6"
germination

. significant at P=0.01;

* significant at P =0.05

! increase compared to control

: increase compared to open poliinated.

13
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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.]. (metres above sea level) in Kathmandu valley of Nepal. An egg piant 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 tbe. 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 orientalis spent 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.

-
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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 attribuied 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, | species of Ceratina, 3 species
of Amegilla, 2 species of Apis, 1 species of Megachile, 3 species of Nomia, and one species
of Lasio- glossum. Tanda and Mann (1985) reported honeybees, buttcrflies, 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. In the 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 50m® 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.

Inszcts visiting the bloom were observed throughout the blooming period of the crop. Insects
of each species were counted in marked squares (Sm x Sm) 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 m’ 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 contro! 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 1. 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 morniag 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

3
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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 species of insect visitors namely Nomia spp.. Bombus orientalis and Apis cerana, were

observed on egg 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). 1577) recorded 13 species
of insects visiting egg plant in bloom including three species of Nomia 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, lowa, 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 orientalis) started foraging earlier in the morning at 0513 hours and
ceased foraging at 1810 hours in the evening (Table 4). Ilts 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 1100 to 1400 hours it did not visit

4
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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 polien 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 a distinct 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 King (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

Insect-pollinated plants produced 12.2 fruits/plant weighing 198.8 g/fruit whereas control plants
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 is attributed 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 is higher in cross pollinated than in self-pollinated plants but substantially lower

than in open pollinated plants, however, these auhers did not mention insects responsible for

better pollination.

Thus. the results of present investigation suggest that bees of Bombus orientalis and Nomia
spp. are the potential pollinators of =gg plant. If conserved and managed, these
semidomesticated species could increase the yields. through cross pollination of various
agricultural/horticultural crops. These species have been reported to be the more efficient

pollinators of some crops than honeybees under certain conditicns (Bohart, 1960; Batra, 1967).



Acknovwledgexments

This research was supported under grant No. 367-5600-55-1147-001,
Programme in Science and Technology Cooperation, office of the
Science Advisor,.U.S. Agency for International Development.



REFERENCES
Batra, S. W. T., 1967. Crop Pollination and the flower relationship of wild bees of Ludhiana.
J. Kansas ent. Soc., 40: 164-177.

Batra, S. W. T.. 1977. Bees of India (Apoidea), their behaviour, management and a key to the
genera. Oriental Insects 11: 289-324.

Bohart, G. E. 1960. Insect pollination of forage legumes. Bee World 41: 57-64, 85-97.
Choudhury, B. 1987. Vegetables. National Book Trust, India. pp.195.

Free, J. B. 1970. Insect Pollination of Crops. Academic Press, London, U.K., pp.506.
Jones. H. A. and Rosa, J. T. 1928. Turck Crop Plants. McGraw Hill, New York.

Kakizaki, Y. 1924. The flowering habit and natural crossing in the egg plant. Japan Jour.
Genet. 3: 29-38.

McGregor, S. E. 1976. Insect Pollination of Cultivated Crop Plants. USDA/ARS. Agric.
Handbook. 496: 213-215.

Pal, G. and Taller, M. 1971. Effects of pollination methods on fertilization in egg plant
(Solanum melongena L.) Biol. Abs. 52 (11) 58979: 5925.

Pammel, L. H. and King, C. M. 1930. Honey Plants of lowa. lowa Geol. Survey Bull. 7:
1192,

Sambandam, C. N. 1964. Natural cross pollination in egg plant (Solanum melongena) Econ.
Bot, 18: 128-131.

Smith, O. 1931. Characteristics associated with abortion and intersexual flowers in the egg
plant. J. Agr. Res. 43: 83-G4.

Tanda, A. S. and Mann, G. S. 1985. Honeybees (Apis mellifera) as pollinators of egg plant
in Punjab, India. Proc. Int. Conf. Apic. Trop. Climates, Nairobi, 1984: 138 (1985).

zs



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

Diameter of bigger flower" (mm)

46.7 +0.8

Diameter of small fiower? (mm)

32.2 409

Total flowering period of crop

6 weeks (June to mid-July)

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.

147
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Table 2: Insect Visitors 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




Table 3: Number of Each Insect Species in Sm x Sm Squares During Peak Foraging
Hours on Egg Plant Bloom Values are Mean of Ten Observations +S.E.

Apis cerana

Insect Species Peak Foraging Number Percentage
Hours
Nomia <pp. 900-12000 53403 5.9
Bombus orientalis 0600-0900 3.7 40.2 36.3
1000-1100 1.2 0.1 11.8

10



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 Noe specific time.
Foraging (Time of 0721 +7 0513 +3 Made 2-4 visits
Day) every day between
Cassation of 0900 to 1100 hours
Foragiug (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. 8.2 403 6.2 +0.3 7.1 #0.5
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Table B:

HouﬂyCountaofNumberofImocchitapum’huonEggPhntBloom.

Values are Meen of Ten Observations + S. E.

Insect Hourly Count of Average Number of Insect Visits
Species
5.6 6.7 7-8 8.9 9-10 10-11 11-12 12-13 13-14 14-18 18-16 18-17 17-18

Normua 0 o] - 08+02 3.3+0.2 156+0.3 14.2+0.2 16.1+0.2 6.1+0.4 5.5+0.3 2.8+0.4 3.0+03 1.840.6 o]
spp

dombus 14401 128403 188402 200+0.3 3.6+02 0.9+0.3 0 0 0 0.9+0.1 3.0+02 | 3.2+02 | 14402
onentalis

Apis 0 03+0.1 0 )] 23+0.1 1.9+03 0 0 0 o} 08+0.2 0 0
cerana
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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 12.24+0.5 198.84+13.3
13
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ence on Environment and Development (UNCED)
d success of green revolution, crop yields are
| poverty is increasing and the natural resource

The widely influential United Nations Confer
held in Rio points out that despite outwar

stagnating or declining in many countries, rura
base is being seriously degraded. This conference concluded: *Major adjustments are needed

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) *Sustainable development is the management and
conservarion of the natural resource base, and the orientation of technological and institurional
change in such a manner as 1o ensure the anainment and continued safisfaction of human
needs for present and future generafions. Such sustainable development (in agriculture,
forestry and fisheries sectors) conserves land, water, plant and animal genetic resources. is
environmentally non-degrading, technicallv appropriate, economically viable and socially

accepiahle

ove, conservation and management of native bees and the maintenance of
are both essential for sustainable agriculture and rural

development.  Swaminathan (1986) in his forwarding note in FAO Service Bulletin on
Apiculwre Stated “Inspite of all global resolutions on food security, several hundred million

children, women and men are going 10 bed hungry everyday, particularly in the countries of

the ‘South’. Since prospects for global food security system appear 10 be small at the present

moment, it will be for the developing countries, characterized by poverty and under-nutrition,
1o build their own national food security system. In this task, apiculture can play a useful role.
At every linle expenditure, honeybees will not only provide food and income; but will also
enhance the productivity of horticultural and other field crops by their pollination activities”.

In the context of ab
a thriving beekeeping industry

Honeybees and other native bees 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

1
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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 environmenaally most friendly. The
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 mater of fact. the main
significance of honeybees and beekeeping is pollination, 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. Mc Gregor. an eminent pollination scientist in United States estimated that "One
third of man's diet is derived directly or indirecily from insect pollinated planis®. This
includes the animal products from herbivores feeding on insect-pollinated legumes such as
clovers and lucerne, and vegetable oils from oil seed crops. Several other economic estimates
of the value of honeybee pollination to agriculture in different countries oi areas of the world
have also been worked out. For example, the value of bee pollination in crop production in
USA has been estimated more than 20 billion US dollars 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.
Diversity and Economic Vzlue of Non-Apis Pollinators:

Besides honeybees, in recent years much attention in developed countries is also being given
to commercial exploitation of other insect pollinators especially bumble bees and solitary bee
species. The wild bees are well known and valued as important pollinators of crops and other
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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, Isracl, New Zealand, USA and Canada. In 1992, they sold
an estimated number of 300,000 colonies, representing a value 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
of flora and fauna including diverse wild species of non-apis bees belonging to the families
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
subcontinent, Batra (1977) reported about 50 genera of bees belonging 1o 7 families. A survey
conducted by Verma and Chauhan (1985) reveals that 44 insect species belonging o0 15
families and S 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 mountin 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 rend 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.

The diversity of cultivated mountain crop plants that are dependent on or benefinied 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
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 requirements of major mountain crops and these findings are reviewed in

Table 1.
Floral Diversity Essential for Maintenance of Sustainable Apiculture:

owers by bees and conservation of “natural” environment
are interdegendent. 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 10 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 s
further enhanced because the genetic interchange involve all adaptation to new and changing
environments. Further more, the fact that ._ads and plants form parts of the food chain for

seed eating and herbivorous insects. birds and mammals.

The pollination of crops and wild fl

Directory of important world honey resources reveals 467 plant - ecies as a major source of

pollen and nectar out of preliminary list of 2569 plant species ..rane and Walker, 1984). In
the Himalayan region, our research group has identified 231 - .ant species belong to 74 families
as a major source and other 273 plant species of 102 far..ues 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 anc beckeeping also help in the
conservation of natural forest and grass land ecosystems. Since honcybees are the natural and,
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
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
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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 (Crane, 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 environmentai 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 w00l 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 1o provide early warning of change

- Relevant 1o ecologically significant phenomenon
- Rich in genetic diversity

- Sympatric in distribution

Strategies for Conservation of Pollinator 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 throvghout 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
ransformation 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 non-apis pollinators also.

In order 1o 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 Optiois Assessment Branch of European Parliament has also set up
a review comminee (Corber et.al.. 1991) on *Bees and the pollination of crops and wild
flowers: changes in the European community”. 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 alternative native bee
pollinators and habitat management research within agro-ecosystems.

There is now considerable imporiance being atiached 10 poliination in south and south-east
Asian region. Suzzane W.T. Bara (1993), an expert on solitary bees in U.S.D.A while
stressing the need for further research on native bees of south Asia have identified (i)
biogeography and biology of bees and their hosts at various climates in the Himalayas, (ii)
orchid-pollinator relationship. (iii) management of soliary bees for crop pollination, (iv)
surveys and conservation of bee populations in agricultural, over grazed deforested and
urbanizing habitats (v) Surveys of bee species in remaining undisturbed natural habitats of
selected species and (Vi) detailed studies on pollination biology of native wild plants as
scientifically rewarding topics in Himalayan region fcr further research.

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 is known here.

In the future, sustainable agriculture and maintenance of bio-diversity will depend more on
pollination by bees and native insect pollinators must not be squandered if present and future
generations are to continue 10 enjoy the variety and abundance of food currently available and

the natural environment with its associated fauna and flora.
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Honeybee Pollination Strategies for Sustainable Agriculture and Conservation of
Biodiversity in Hindu Kush-Himalayan Region
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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: "Major adjustments are needed
in agricultural, environmental and macro-econony policy at both national and intenational
level to create the conditions for sustainable agriculture and rural development”. According
to Food and Agriculture Organization (FAO) "Sustainable development is the 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 beckeeping industry are both esscntial for sustainable agriculture and
rural development. Swaminathan (1986) in his forwarding note in FAO Service Bulletin on
Apiculture 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 expenditure, honeybees will not only provide food and income; but will also
enhance the productivity of horticultural 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



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 ccuntries. As a matter of fact, the main
significance of honeybees and beekeeping is pollination, 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. 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
includes the animal products from herbivores feeding on insect-pollinated legumes such as
clovers and lucerne, and vegetable oils from oil see.i 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 of bee pollination in crop production in
USA has been estimated more than 20 billion US dollars 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

Mauny 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 scedling establishment can be incorporated. In ICIMOD, we have reviewed
the pollination requsirements 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 Beeckeeping for Monitoring Biodiversity and Environmental Pollution:

Besides pollination of several cultivated crops, bees and beekeeping also lelp in the
conservation of natural forest and grass iand ecosystems. Since honeybees are the natural and,
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
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 (Crane, 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 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
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 probiems, 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 communiry”. 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 is known 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 TECHNOLOGY FOR VEGETABLE SEED PRODUCTION

Pollination Is the transter of pollen grains trom the male part of the flower

known as the anther to the fomale part crlied stigma. A plant 18 known to bc:
selt-pollinated when the po’lination ot its tiower Is by its own pollen and it
is cross-pollinated wnen it needs pollen from another plant of the same
specles to effect tertilization. Fertilizationis the result of the union of the
male nucleus of the poilen gxrain with the temale nuclous of the egg of the
ovule. The ovule atter tertilization deveiops Into the seed.
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Source: Crane (19804),

Many vegetable crops do not produce seeds or !r,ms without croas-
pollination of their flowers. Cross-pollination of such crops by honeybees is
the most effective and cheapest method of Increasing thelr yleld. Cross-
pollination by honeybees stimuiates germination of pollen grains, Increases
viability of seeds and embryos, enhances resistance to diseases, ensures
uniform seed set and Increases number and size of seeds.

It 1s not only the cross-pollinated varieties which are benefitted by
honeybees;: the selt-pollinated varietiesalso producemore andbetter quality
seeds when cross-pollinated. 16 flowers of these crops, in turn, provide the
bees with nectar and pollenwhich they use tor brood rearing, making honey and

other hive products.

Vegetable crops which are benefi{tted by bee pollination

Asparagus Cucurbits such as pumpkins, Onion

Broad bean squash, musk wmelon, water Pepper green
Carrot meldn, cucumber, boltle Radish

Cole crops such as gourd, ridged gourd, bitter Tomato
caulitlower, cabbage, gourd etc. Turnip

broccoll, etc. Lettuce
Chilles Mustard

Managing honeybee colonies for pollination
* Larger and stronger colonles with at least 7-8 frames covered with bees In

the hive should be used.

* In general 4-6 colonies of local hive bee, Apls cerana/heciare of crop are
recommended for eflicient and sufticlient pollination.
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¢ For effective pollination, bee hives should be placed singly instead of in
groups in the tield.

s Bee colonles should be placed in the tield when 6-10 percent of the crop s
in bloom,

1SOLATION DISTANCE IN RELATION TO PURE VEGETABLE SEED PRODUCTION

Croas-pollination by honeybees helps in increasing the yleld and quality ot
vegetable seeds. This activity of honeybees also hampers pure seed
production in such crops due to intercrossing. By providing the necessary
isolationdistance betweendiffcrent cultivars of the same crop, crossing and
contamination is avolded. Such isolation distance varies from 193-214 m for

different vegotable crops.
REDUCING PESTICIDE POISONING TU BE.ES (Fig. 2 and 3)

Beekeeping and pesticides are both essential jnputs for modern vegetable
seed production technology. By irnoring either of these two, vegetable seed
production is seriously impaired. However, a conflict often arises when
pesticides are applied to a crop at aninappropriate time or by inappropriate

means.

Following strategies are recommended for protlecting bees against pesticide
poisoning:

* Pesticide applications should not be N/ )
applied during the blooming period. C‘;t;b

s Pesticides with short residual effects
should be selected.

e Educate vegetable growers and
beekeepers properly about pesticide
application schedules.

* Recommend selective pesticides over
broad-spectrum ones.

o Apply pesticides either during night or
early morning hours when boes are not
flying.

* Spray or liquid formulations are safer
to bees than dust or wattable powder
formulations.

* Keep colonies one kilometre away from
the site of spray. This reduces bee
mortality ninefold.

¢ Encourage an |Integrated pest
management programmé,

Prepared by: Poof. L.R.VERMA AND UMA PARTAP presentation Date: April 21, 1992
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L J DY
rraT AVAILABLE COPY

/bS



Acknowledgements

This research was supported under grant No. 367-5600-55-1147-001,
Programme in Science and Technology Cooperation, office of the
Science Advisor,. U.S. Agency for International Development.

Jlols



Proc. Nat. Sem. on Forest Produce, Coimbatore, India, 1993.

Honey and Honeybees in Forest Ecosystem

L. R. Yerma

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

Honey as a natural sweet forest product of the bee nest has been treasured by man from ancient
times in India due t0 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 dorsaa F. and Apis 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 tt.at there is enough 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 efficien; 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 under storey herbs and shrubs. In
ICIMOD, we now plan to build computer assisted pollen c.ta 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.
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Impact of Food Resource Availability on Growth and Development
of Apis cerana in Kathmandu Valley of Nepal

Uma Partap and L.R. Verma

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

The Asian hive bee, Apis cerana is more close 10 the tropical African honey bee Apis mellifera
scutellata in certain biological and eonomic characteristics. Unlike temperate races of Apis
mellifera, these tropical/subtropical native honeybees raise brood throughout the year, exhibit
no tendency to amass large food resources for winter survival and have frequent absconding
and swarming habits. Seasonal growth and development of temperate races of Apis mellifera
have been studied in great details (Seeley, 1985; Winston, 1987). In recent years, scientific
research on Apis mellifera scutellata after its introduction and spread in western hemisphere
has also drawn the attentions of several researchers (Rinderer, 1988; Schneider and Blyther,
1988, McNally and Schneider, 1992, Schneider and McNally, 1992). However, Apis cerana
still remains scientifically neglected species and is threatened with extinction throughout its
entire range despite its great potentials for commercial purposes especially as a pollinator of
agricultural crops (Verma, 1990).

In the present investigations, seasonal cycles of growth and development of Apis cerang under
ecological conditions of Kathmandu valley, Nepal have been investigated where beekeeping
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
(Latitude 27°70°, Longitude 8533’ and Altitude 1336 m above sea level). Climate of the
valley is sub-temperate with maximum temperature 34 +2°C in summer and 16 +2°C in
winter and annual rainfall 1261 mm. Winters are generally dry and rainfall occurs from June

to September.

Forage availability was estimated by conducting monthly vegetational surveys of the number
of blooming trees, shrubs and weeds. Such survey for trees and shrubs was conducted in 3
plots of 1000 m?® square area around threc apiaries located S km apart. Each month total
number of bloowing trees and shrubs was recorded around each apiary site. The utilization
of a species by honeybees was determined through direct observations or through published
reports of plants visited by Apis cerana (Kafle, 1984, Maskey, 1992).

1
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Vegetational surveys for weeds/annuals were conducted by establishing 30 transacts 25 m long:
10 transacts around each apiary. After every three weeks. the total number of blooming weeds
were counted throughout the year. FEach 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. 1(1-100): 2(101-500); 3(501-
1000): 4(1001-2000) as S{ > 2000). Each month, the bloom value for all individual plants were
towaled for each plot and transact.

Food resource availability pattern in the present investigation was further supplemented with
colony performance index (CPl) 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 CPIl was calculated as follows

using the method of Punchiheva et al. (1990).

(F)
CPl =------ x 100
Tobs X Fl
F, = Total number of foragers returning with pollen loads
F, = Total number of returning foragers
T = Observational period in seconds

According to Punchihewa et al (1990), one of the distinct characters of a colony in preparation
for absconding is the reduced number of pollen foragers.

Seasonal pantern of colony growth, development and movement

Experiments were performed on 20 observational colonies kept in Kathmandu city (study site
1), Godamchor (study site 1I) and in Godavari (study site I1I) located at 5 km from one another.
To determine seasonal/annual cycle of colony growth and development observations recorded
on total comb area (in cm?) and the proportion of comb area devoted to brood rearing and food

(honey and pollen) after every three weeks.

In order to know whether a colony exhibited characteristics of reproductive swarming, colonies
were examined every week, and counted number of queen cells constructed by the colony and
area (cm?) under drone brood was recorded, because a colony is considered to be preparing for
reproductive swarming it has constructed queen cells and drone brood. Further, we also noted
if a colony 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



swarmed colony is successfully requeened or failed to requeen by observing if it had a queen
and eggs present or not.

In addition the above. we also examined the other characteristics of the colony which are
related to absconding. According to Woyke (1976); Winston et al (1979): Schneider (1990)
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
contain few eggs, no young larvae and increasing amount of empty combs. A colony 1s
considered to be preparing for absconding if (i) less than one fourth of the total comb area IS
devoted to brood, (ii) brood consists mainly of eggs and pupae with few or no young larvae
and (iii) at least half of the comb is empty. So we compared the absconding or non
absconding colonies with respect to (i) proportion of comb area devoted to brood and food and
(ii) CPI values. This comparison was restricted to the colonies nreparing for absconding
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 is available during all the months of the year however relative
abundance of flowering plants varies. Mean bloom values for trees, shrubs and weeds are
plotted in Fig 1 (A). This figure shows that relatively more forge was available during March
to October. It is during these months most of the colonies (10% - 50%) showed the
characteristics of swarming Fig. 1(B). Some colonies (10%) showed the char. cteristics of
swarming even in February. During the months of November to February comparatively less
forage was available and the colonies did rot show any characteristics of swarming.

During the months from March to November colonies stored more food (pollen and nectar) and
reared more brood. During these months 30% - 50% of the total comb area was devoted to
food (pollen and honey) storage and 40% - 60% of the total comb area was devoted to brood
rearing 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
months ie. March to November. As mentioned earlier CPI of a colony depends upon the
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).

Swarming occurred during different months of the year. Apis cerana colonies preparing for
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
May 20% in June, 20% luly, 20% in August and 40% in Ocinber (fig. 1A) showed
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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 | (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
1o 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)
celonies 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. 1 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. 1 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 mellifera 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 cerana also, 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 a significant 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) alsn 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 poilen yielding plants flowering during different
months of the year at different study sites in Kathmandu valley of Nepal

MONTH

TREES AND SHRUBS

WEEDS

January

Dalbergia sissoo. Ervobotrva spp.

Carthamus tinctorius,
Chenopodium spp.. Colebrookia
oppositifolia, Datura spp.,
Occimum spp.

February

Adhatoda vasica, Berberis spp.,
Castanopsis spp.. Citrus spp.,
Eriobotrya spp., Pyracantha
crenmulata, Prunus comuta

Brassica nigra, Brassica oleracea,
Brassica rapa, Calendula spp.,
Carthamus tinctorius,
Chenopodium spp., Colebrookia
oppositifolia, Datura spp.,
Fragaria indica, Medicago sativa,
Ocimum spp., Rosa spp., Solanum
spp., Trifolium repens, Vicia spp.

March

Adhatoda vosica, Albizzia lebbek,
Berberis aristata, B. asiatica,
Bauhina variegata, Buddleia asiatica,
Cinnamomum camphora, Citrus spp.,
Dalkergia sissoo, Eriobotrya spp.,
Eucalyptus spp., Leucosceptrum
canum

Berberis spp., Brassica nigra, B.
oleracea, B. rapa, Calendula spp.,
Cannabis sativa, Chenopodium
spp., Colebrookia oppositifolia,
Coriandrum sativum, Datura spp.,
Fragaria indica.

April-

Bauhinia variegata, Callistern
lanceolatus, Citrus spp., Grevillia
robusta, Jacaranda mimosifolia,
Melia azedirach, Rubus ellipticus

Brassica campestris, Brassica
oleracea, Brassica rapa,
Calendula spp., Coriandrum
sativum, Trifolium repens.

May

Berberis aristata, B. asiatica,
Bauhinia variegata, Callistemon
lanceolatus, Grevillea robusta,
Jacaranda mimosifolia, Melia
azedarach, Psidium guajava, Rubus
ellipticus

Brassica campestris, Cannabis
sativa, Coriandrum sativum,
Cucumis sativus, Lagenaria
siceraria, Trifolium repens.

June

Berberis aristata, B. asiatica,
Jacaranda mimosifolia,
Lagerstroemia spp., Psidium guajava,
Rubus spp.

Brassica campestris, Cannabis
sativa, Cucurbita spp., Lagenaria
siceraria, Luffa aegyptica,
Trifolium repens
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July

Cassia spp.. Castanopsis spp..
Eucalvptus spp., Psidium guajava,
Punica granatum, Rubus ellipticus,
Vitex spp.

Brassica campestris, Allium spp..
Cannabis sativa, Capsicum spp..
Chrysanthemum spp.. Cucurbita
spp.. Lagenaria siceraria, Liffa
aegvptica, Oxalis corniculala,
Solanum spp., Trifolium repens.

August

Bauhinia purpurea, Callistemon
lanceolatus, Castanopsis spp..
Eucalyptus spp.. Lagerstroemia spp.,
Punica granatum, Rubus ellipticus,
Vitex spp., Zizyphus spp.

Allium spp., Lannabis sativa.
Capsicum spp., Chrysanthemum:
spp., Fagopyrum spp., Luffa
aegyptica, Oxalis corniculata,
Solanum spp.

September

Bauhinia purpurea, Castanopsis spp.,
Eucalyptus spp., Lagerstroemia spp.,
Poinsettia pulcherima, Rosa spp.,
Rubus ellipticus, Vitex spp.

Cannabis sativa, Capsicum spp.,
Chrysanthemum spp., Eleusine
coracana, Fagopyrum spp., Salvia
spp., Solanum spp.

October

Bauhinia purpurea, Eucalyptus spp..
Poinsettia pulcherima, Rubus
ellipticus, Vitex spp.

Brassica juncea, Cannabis sariva,
Chrysanthemum spp., Eleusine
coracana, Fagopyrum spp., Oxalis
corniculeta, Solanum spp.

November

Bauhinia purpurea, Eriobotrya spp.,
Prunus cerassoides, Rosa spp.

Brassica juncea, Cannabis sativus,
Chrysanthemum spp., Fagopyrum
spp., Oxalis corniculata, Solanum

spp.

December

Bauhinia purpurea, Eribotrya spp.,
Prunus cerassoides

Cannabis sativus, Chenopodium
spp., Oxalis spp.
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Seasonal Patterns of Foraging Activity in Colonies of
Asian Hive Bee Apis cerana F. in Kathmandu Valley of Nepal

L.R. Yerma and Uma Partap

International Centre for Integrated Mountain Development (ICIMOD)
P.O. Box 3236, Kathmandu, Nepal

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. 85°33°, alt. 1336 m above sea level).

Foraging activity was investigated using a total of seven color.ies 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, cessation 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

Initiation and cessation of foraging activity was studied when first bee left the hive in the
morning and last bee returned in the evening. Peak hours of foraging acuvity were estimated
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
regurgitation of the nectar. The frozen bees were sorted out for the type of forage following

the method of Erickson et.al. (1973).

Proportions of comb area devoted to pollen, honey and toul brood were estimated at an
interval of 21 days, for all experimental colonies using a grid fixed on a frame and expressed
in sq. cm (Al-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 tc 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 09GO h but in December, same were at 1300 h. Environmental
temperatures and relative humidity during peak hours in May-June were 25 10 29°C and from
64 to 97 per cent whereas in December these climatic parameters varied from 17 to 20°C and

59 to 70 percent respectively.



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 toal 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 pellen 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 (1G-12) and minimum during January and February (6-8). The duration oi 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 is greatly influenced by the environmental factors which also affect
the forage availability to honeybees (Kafle, 1991). Initiation, cessation and peak hours of



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) 15 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
timmg of nectar/pollen production by the plants which 15 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 varieiy 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 poilen 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 (polien 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 sterage and
brood rearing (figure 3). Moreover much forage/floral resources were available o 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 pauerns. 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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Introduction
Beekeeping is becoming an important component of present strategies
for sustainable mountain agriculture and integrated rural development
programmes.

Theroleof beekeeping in providing food, nutritional, economicand 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 ai 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. Amengst the different honeybee species, the Asian hive bee
Apis cerana is equivalent to the European honeybee, Apis mellifera because both
can be domesticated and build parallel combs. Great strides in modemising
beekee‘ping with the native and exotic honeybee species are being made in
different eco-geographic zones (temperate, sub-temperate, and subtropical) of

the region.
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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 conditionsand availability of diverse
floral resources throughout the year. Itis 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 cerana beekeeping 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-spedies of Apis ccrana 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 Apiscerana and confirmed the accepted distribu-
ton of A. cerana sub-species in the Himalayan region. These sub-species have
Leen named as A cerana cerana, A himalaya, A cerana indica (Verma, 1992b.)
Ac-ording to a survey conducted by bee scientists in China, five different sub-
species of A cerana representing different eco-geographic zones have been
idenified. These include A cerana cerana, Apis cerana skorikoui, Apis cerana
abar nsis, Apis cerana hainanensis and Apis cerana indica. (Zhen-ming ct. 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 ecotypes of sub-species Apis
cerana Himalaya that correspond to geographic distribution in the Naga and
MizoHills, Brahmputra valley and Khasi Hills, and the foothills of the NorthEast
Himalayas (Singh, et.al., 1990). On similar lines, Chinese bee scientists have also
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classified sub-species Apis cerana cerana into 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 cerana cerana 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 cerana colonies (Sakai, 1992).
In China out of more than 8.5 million colonies of honeybees kept in modem
hives, 70 per cent are European Apis mellifera and 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).

Recent survey conducted by author as a part of USAID funded regional
Project in ICIMOD reveal that in Hindu Kush- Himalayan countries, beekeep-
ing with native Apis cerana is being replaced by Apis mellifera atsuch 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 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
cerana colonies 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 cerana will soon get destroyed intheentire 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
initsown 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,itis clear that such decline is undesirable in terms of economic development,
maintenance of biodiversity in natural ecosystemsand productivity of farming
ecosystems it is, therefore, essential to raise and discuss related to population
vulnerability analysis and threatened extinction of Apis ccrana.

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 isapplied inrelation toloss of geneticdiversity in Apiscerana,
the first field (PP) includes behavioural and genetic components such as
frequentswarming 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 please see page 80) epidemic of sacbrood virus disease and human

/5
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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 1
list the components of each of these fields and Figure 1 represents their overlaps
and interactions schematically.

TasLe 1. Components of Population Vulnerability Analysis in Apis Cerana

FieLp

Environmental
perturbations (E)

Population
phenotype (PP)

Population Structure

Modified from Gilpin and Soule, 1986

. *Drift inbreeding

COMPONENT

* Loss of habitat quality and quantity

° Exotic species: introduction of European
honeybee Apis mellifera

* Pathogens and parasites especially sacbrood
virus infection

* Human predations: traditional
honey hunting methods

* Pesticide hazards

* Frequent swarming behaviour

* Robbing behaviour

* Large number of laying workers
* Inbreeding depression
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* Patch distribution

* Population fragmentation

* Demographic randomness

* Demographic randomness

* Reduced effective population size,
growth rate distribution

¢ Stochastic and deterministic extinction
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FiG. 1: Population Vulnerability Analysis (PVA)
Case of Apis Cerana

Environment-Independent

Environment
Dependent

| Inbreeding
Depression
| Adaptation
|Heterozygosity
\ i r,N,D
|Dritt
|Inbreeding

e
/

PP: Population Phenot Demographic
: opulation Phenotype
E: Environment Randomness
PSF: Population Structure

and Fitness

N: Populatlon Size

D: Population istribution
r: Population Growth Rate
Ne: Effective Popuiation Size
l : Decrease

l : Increase

Adopted from Gilpin and Soule, 1586
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Strategies {or Conservation of Apis cerana Stock
mprovement 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 cerana sub-speciesand
ecotypes should be accumulated at a central location and superior genotypes
beidentified by integrating biometricand molecular data with behaviouraland
economic criteria. Another important pre-requisite for stock improvementis to
evolve efficient queen rearing for Apis cerana and also establish isolated mating
stations for pure line breeding. The latter is essential because artificial insemi-
nation in Apis cerana has unexpectedly turned out to be a difficult task due to
very low volume of semen ejaculated by drones. (Verma, 1990 b).

Apiary Management and Behaviour Research
During the course of evolution, Apis cerana has 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 number of pollen bringing foragers can to great extent be used for
predicting absconding.

Based on this criterion, this native bee spedies 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 aifected 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 reduding 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 cerana throughout its
range and is forcing beekeepers for its replacement by more prolific Apis
mellifera. Some colonies arestill resistant to this disease and in theabsenceof 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. 1.5 decline may have
serious consequences for various entomophilous plantspecies. This bee species
shows distinct advantages over Apis mellifera for pollination of agricultural
crops. Theseincludelonger foraging hours, earlier initiation of foragingactivity
even at 50 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 poilinators, co-evolution of this bee
species with native crops etc. (Verma, 1992c).

Keepingin view the above, promotion of beekeeping with Apis cerana within
a domestic setting appears to be essential for the maintenance of biodiversity of
forest and grassland ecosystem and for enhancing the productivity of farming
svstems.

Unfortunately in developing countries of south and southeast Asia, therole
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 inputssuchas chemicalfertilizers,
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 increase food 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

¥y
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component of present day strategies for sustainable agriculture and rural
development programme. (Verma, 1990a.)

Zonation of Beekeeping Areas
Inthose countries of southand South-east Asia, where Apis mellifera has 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 exctic species of honeybee indicate such vast
differences in the profit level that a farmer practising 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 cerana is still using
bicycle (Verma, 1990a).

On the other hand, many importations of Apis mellifcra 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, Varroa jacobsoni can co-exist with Apis cerana and causes no serious
damagetotheir native beespecies. Inseveral countries of Asia, whereboththese
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.

Inordertoresolve theabovedilemma, zonation of beekeeping areas for Apis
cerana and Apis mellifera beekeeping appears to the only logical. Based on past
several years of experience, it is now well documented that for sub-tropical

1§
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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 cerana and 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
For future developmentof beekeeping with Apis ceranain South and South-East
Asia, a coordinated and systematic effort by establishingatrainingand 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:

Mzndate and Objectives.

1. The overall objective should be to generate and deliver improved bee-
keeping management technology through research and training primarily on
Asiatic species 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 enterprisesto createa cadre of beekeeping expertsby 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 internationa! 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 ¢entre may have three major programmes in
beekeeping.

1. Research

2. Training

3. International Co-operation
Research may be carried outin the following basic and applied areas primarily
on Asiatic species of honeybee.

1. Bee Biology

2. Bee Pathology

3. Bee Botany and pollination BEST AVAILABLE DOCUMEN

4. Beekeeping Technology and Equiprient

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 Governmentdepartments fromtheentireregion 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-
xeeping, 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 international 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 medicinaland 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 marketand 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 thesedirect 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 maintenance of biodiversity, environmental forces and
species that influence theacquisition of useful genetictraits 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 mellifera.
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APIS CERANA IN GLOBAL BEEKEEPING
L.R. VERMA
International Cantre for Integrated Mountain Development (ICIMOD)

P.O. Box 3226, Kathmandu, Nepal

The Asian hive bee, Apis gerana F. is equivalent to the European hive bee, Apis mellifera,
because both can be domesticatad and are similar in nest building znd dancing behaviour. This
native bee species is not only rthe 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 Apis mellifera into Asia for commercial
exploitation is leading to the decline of Apis 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. conservalion

through development and promotion of beekeeping with Apis gerana 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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Esotic Apis mellifera: Probl  p

As a result of continuous research efforts in the area of genetic diversity, selective breeding and

improved manageinent practices, Apis mellifera produces three times more honey than ADis

cerana. Further, ADis mellifera is superior to Apis cerana due to its maintenance of proliiic
queens and less swarming and absconding tendencies. However, many importations of exotic
Apis mellifera in to Asia have proved disastrous. When kept sympatrically, ADis ¢erana and Apis
mellifera colonies frequently rob each other (Koeniger 1982). Another cause of failing in 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 Yarroa jacobsonij can co-exist with Apis cerana and causes no

serious damage to this native bee species. In several parts of Asia, where both these bee 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 importation of Apis mellifera will lead to
the decline of ADis serana populations in its native habitat. In Japan and China, ADjs cerana is
now largely replaced by imported Apis mellifera colonies. Other Asian countries such as Pakistan

and India are now following this trend.
ADis cerana: Problems and Prospects

Apis 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
level of resistance to nosema disease and the parasitic Asian mites Yarroa iasobsonil and
Tropilaelaps slarae that plague Apis mellifera. Apis cerana can co-exist with other native bee
species and requires little chemical treatment of colonies 10 controi epidemics. However, a3 yel

this native bee species has not become popular amongst 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 are in vogue even today,
most of the bees during honey harvesting were Iilled and ne honey store was left behind in the
nest for consumption by bees during dearth periods. As a result of this, the colonies of Apis
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 Apis 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 cerana, which has not yet been done in

detail in its native habitat.

Sub-soecies/georraohic Ecotypes of Apis cerana

In the recent past, attempts have been made to identify different sub-species and geographic
ecotypes of Apis cerana by using computer assisted statistical methods. Ruttner (1987)
distinguished four different sub-species of Apis cerang namely : A.c. cerana, A, ¢ himalaya, A g,
indica and A.C._japonica. His studies were based on 34 morphological characters of 68 samples of
ADis cerana collected from different parts of Asia. Similarly, Mattu and Verma (1983, 1984 a,b)

studied the genetic diversity of the Apis cerana from the Himalayan region. These results



revealed that bees from raountainous 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 10 A.¢. cerana, A. g,
himalaya. and A.c. indica of Ruttner's analysis. In the north-east Himalayas, Singh et al. (1590)

identified 3 geographic ecotypes of A. ¢, 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
varied economic usefulness. Thus there is a further need to explore genetic diversity at the sub-
species/ecotypes level especially in the Hindu Kush-Himalayan rcgion which has the largest and

possibly most economicaliy useful sub-species and ecotypes of Apis cerana.

Behavi | M  Api

Lack of basic knowledge of Apis 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 ADi§
mellifera. In the absence of such appropriate apiary management technology based on specific
behavioural characteristics of Apis cerana, several past national and international development
projects for promotion of beekeeping with this bee species in developing ccuntries of Asia
attempted application of European honeybee, Apis mellifera, apiary management technology on

ADis cerang. Consequently, many of these projects ended in failure because Apis cerana show
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striking differences from Apis mellifera in certain behavioral traits such as colony cycle,
foraging, temperature regulation, colony defense, sggressiveness, absconding, swarming, etc.
Some of these act as negative behavioral traits from a prac :*cal beekeeping point of view in ADis

serana. ror example, frequent swarming and absconding by Apis cerang especially during honey

flow seasons, lead to decline in colony strength and adversely affect honey produ:tion and
pollination efficiencv. There are no such problems in beekeeping with Apis mellifera and it is
easier 1o get surplus honey from this bee species in comparison to Apis cerana. However, these
negative traits in Apjs cerana are amenable through research efforts. This scientifically neglected
bee species has the potential to match Apis mellifera in economic usefujness. Many studies,
especially in India, have demonstrated the ability of Apis cerapa 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

(Yerma 1990, 1991).

There is now increasing interest among the western bee scientists and beekeepers in Asian hive
bee, ADis cerana because of the recent problem of Varroa mite on European Apis mellifera 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 ADIs cerana into population of Apis mellifera and vice verss. ADIS
£erana could potentially be of.great in.portance to beekeeping in developed countries, However,
introduction of ADIs cerana into Europe or Americas would require following step-wise rigorous

testing and monitoring.

- Identification of commercially valuable sub-species/geographic ecotypes of Apis cerang 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 Apis gerana and Apis 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 ADis 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, Apis cerana would fit in a better way than Apis mellifera to alternative sustainable

farming systems strategies now being introduced in developed countries.
Apis ¢erana Research in ICIMOD

Mountain farming systems' programmes at International Centre for Integrated Mountain
Development (ICIMOD), Kathmandu, Nepal are aimed at the search for such non-land based
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 incomr - and food generating
activity which 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, 1991).. Recently, ICIMOD has been s.nctioned regional project on
genetic diversity of Apis cerana by United States Agency for International Development
(USAID). The major objective of this project is conservation of ADis cerana through
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 a base for
further improvement of useful sub-species/ecotypes of Apis cerana through classical and

molacular techniques and appropriate apiary management practices.
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INAUGURAL XEY NOTE monssrns ‘
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AAA : It's Concepts and Challenges

Di.L.R Verma

Intzenational Center for Integrated
Mountsin Development (ICIMOD)

Kathma:.du, Nepal

The «stublishment of the Atian Apicultursl equivalent 1o the European bive bee, Apis mellifers
Association meets 8 peed that bas becoma pronounced with because both can be domesticated and build parallel
esch passing day. Tt was in 1987 that professor Rutinet, &3 comb. Apis cersna bas many valusble characteristics of
chairman of APIMONDILA, Bee Biology Commission, biclogical and SCONOMIC importancet These inctude their
sccepted oy suggestion to organize & special symposium docile and industious nafure: their being less prone (o
oo the biology and management of the Asizn hive bee Apis antecks from wasps; and high level of resistance to nOemA

jum, leading bee diseise and paasitic Asian mites Varros jacobsoai and

1adesh, China, India, Japan, Malsysie, Tropilaslaps clarse that plague Apis mellifern.  Apis cerans
Pakistan, and Indenesia focused on the magnitude of the can co-exist with other pative b bee species md requires
probiess that the beekeeping industry i facing in Asia and least chemicsl treatment of colonles to control epidemics.

the urgent need 10 find a solution W tbem. The desire was How 2ver, as yet, his astive bez species bas pot krcome

thus expressed that £33 bee scientists in tbe region should very popular amongst e

cooperaie in founding this association and the initial behavior characteristics. These include their frequent
respoasibility for coordinating their efors was entrusied 0 swarming and absconding, tbeir tendency to rod, their
me. Thi: idea was furtber discussed with fellow bee production of lorge sumber of layirg workers, and their
scientists pant.cipation in tbe fourth BRA Internstional lowsz boney yields. Des negative traits very from apiary
Conference on Apiculture in Cawo, Egypt; e 1CIMOD fo apiary depending upon bee rsce and managemen!

International Expert Meeting on Apicultural Development o ficiency.

in Hindu Kush-Himalayan countries, Kathmandu, Nepal:
and the Fiftb International Congress of Ilnvertebrate There is 8 curment movement in Asia Yo impont Apls
Reproduction, Nagoys. Jepan. Tbe support rectived was mellifera for commercial exploitation. Such introduction
encounging, snd during the first Asia-Pecific Conlermace into portbern Indis, tbe north west Frontier Province of
on Entomology beld in Chiang Mu, Thailand, a special Pakistan, parts of China, Japan, and Thailond is cow the
cession vas beld concerning be formation of AAA in besis of fNowrishing beeteeping industrias The exotic bee
anmwm«m.ewpo(mmmm speciu;mducﬂmmuwmnbomydnntbcwiw.
from Japan wbo through his sustained efforts, converted Apis cerana tnd s ort suited 10 modern bee management
technology. However, oeny importation of exotic Apis

this concept into reality
nlliknhwmvod&mwmbccm of its allopsrtric
mmjorwkofMAbwmumwonwioﬂ narure ond be i

dissernination center by publishing scientific and extension .

literature fo: the advancement of apiculture; Primarily o llifera wAll lead o the decline of Apis cerant populotion

with Asiatic specias of boneybees. This association will i

also act us 2 co-ordinating agency for sherlig sechnology a genttic resource. Apis cerana bas already becoms @ rare

snd te<hnology transfer foltbldcvelopmtﬂu!dp"dmﬁon mmhlwuﬂmsdm Before this boppens In
jon, 8 conssrvatiop strategy,

of spiculture. It will also oganize seminars, worksbops, other countries of the reg
through Sevelopmen! wnd promotion of beekezping with

conferences, and monitoring tours, a3 well & providing

and render beekeeping advisory/consulting services 0 this native bee spezits, seeds 1o be adopted to balp

govermnment and non-government organizations in the maintain Ity genetk Eversity. Such suategies firgt require
the explorstion and evaluation of dif ferant  sub

region.
specicmu:n/ccotypﬂ of the native species and then

Thbe Asian region is rich in bee resources. Tbere are improvement of the best of them through selective
a present fou or mors species of boneybee tn this region. breeding, appropriate spiary management peactices, and

Among tbese, the Asian hive bee, Apis cersna, is biotechnological resesrch

e A pan of this arucle appeared o Newslener for The genetk diversity of Apis mellifera bas been
Bockeepen in Tropkd and Subtripical Counuies No. 17 (Nov oc ganized into 24 subspecies that bave ! economic

1990)
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hsouthandsoutbcmmia.damnsomecowﬁa
where exolic Apis mellifera bas oot yst been introduced,
and sitempts are being made to improve beekeeping With
the netive Apis Cerans tbrough techaical and financial
assistance from different pational, bilatersal, and
international donor agencies.

Unfortunately, sucd efforts bave not yielded
satisfactory results. One of the obvious reasons foc the
failure of thess projects tas been the uansfer and
unsuccessful application of western bee management
echnology and expertise 10 improve beekeeping With Apis
corana in this region. This native species certainly
requires differen management practices and equipment
because of its nest building bebaviof, colony cycle,
temperaturd regulatory mechanisos, foraging, colony
, smaller body size, and other behavioral

and China to improve the traditional methods of
beskeeping with Apis cerans and in mountain pans of
these countries Apis cerana matches Apis mellifera in

boney production.

The qcolo;iul resources of the Asizn Region, offer
great potentials for the development of apiculrure. Due 10
the ideal climatic conditions and the diversity of be¢ and
floral resourses, the region can become 8 1and of boney.
provided there adequate original
wﬁthﬂuwtu”coodmLNwm\itmml form the
programs. However, spiculture, in many countries of the
region, is sdll traditional bousebold activity, and tbe native
hive bee i3 kept in raditional baves and tbe honey
w.dbyu\mdngtbowbohoomh K is them sold in
pre-used containers witbout any quality cootrol

Although beekeeping with Apis cerans has beet
closely linked with the natural and cultural beritage,
pﬂk\!hrityo(tbcmounuincomnmidnmmhngion.l
has pot yet developed on the modem scientific lines as it
bas oa the commercial scale with e European bone ybee,
Apis mellifers, in severa) advanced countries of the West.
In tbe mountain areas of India (Kashmis and Himachal
Pradesh) and China, modem methods of beekeeping bave
btm.dopudmdbuic'mfmmm\lmdtrchrﬁcdhww
bow also exist. However, in otber countries of e region,
beekeeping development programs are siill facing eething
problems. Several countries io this region do nol posess

pasic infrastructure, skilled manpowet, extension, and
training facilities; o basic and spplied resaerch programs
for the advancement of apicutture. At present, scattered
o focts being made for the promotion of tn industry, by
different national and international agencies, bave pot
y'nldcdtbtdnind results. Ilisbopdmntbneootdh\ﬂcd
dforts of AAA will play o significant rola to fill these

§aps.

To this end, 1 express my appreciadon o Prof. M.
Mnmklmdhhool‘eu\n&&omdu Institute of Hooeybee
Science, Tamagawd University, Tokyo, Japen, for the
oc ganizational work underaken by them- Their committed

Financial support given by the Japan Beekeeping
Associstion 0 AAA is gratefully scknowledged 1 also
greatly gppreciate e cooperation and the many warm
wishes received from fellow bee scientist and beekeepers
who bave belped to activate AAA.

Beckeeplng in integrated
moupizin development
wLR Veama
Oxford & IBH Pub. Co. PV Lad, New Delhl.

cottage industry and analyses its prospects based on the
ecological resourses and socioecopomic conditions
precailing in e Hindu Kusb-Himalayan region. Against
this background, tbe conclusions and recommendation
drawn by the autber will be relevant 0 otber developing

countries.
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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 focuses 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, recource 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 is environmentally 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 underestimateu, especially in developing couitries.

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 h;vebee, Apis cerana is the only one which has been domesticated over the centuries for
honey and beeswax preduction 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, Apis
cerana, to crop production and income. The major focus has been cn 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.
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Apis 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, Apis cerana, 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 cerana which reveals that decline in genetic diversity of this species in the HKH region
is due to the interaction between several environmental and genctic factors. Among these, the
important ones are competition for food and nesting sites with the exotic, Apis mellifera,
ualitative 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

I order 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 objective of genetic diversity research is to identify the different sub-
species/ecotypes of Apis ccrana 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 Apis 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 Apis 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 is enhanced 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 a computer assisted pollen
data bank are bcing prepared to monitor the shifts in plant biodiversity over a period of time.



Beekeeping Extension and Training

Under the beekeeping development programme, ICIMOD is identitying 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 Mepal 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
revoiution 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, and both of these need to be improved.

The development strategies Leing adopted by ICIMOD in collaboration with the Karnali
Technical School in Jurala include:

- Improving the extraction and storing of honey in a scientific way

- Forming a Jumla beckeeper’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 conitions.
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 projec:s
both within in the HKH region and outside.

Future Programme

With technical assistance from_the Federal Chancellory of Austria and Austrovie4/Biomerx,
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.



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 heibs and other ecologically detrimental and unsustainable activities are on the

increase.
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