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ABSTRACT

The field experiments were conducted to study the impact of pollen substitute diet on
colony performance, foraging activity and economics of pollen substitute diet of the Indian
hive bee Apis cerana indica Fab in Odisha. The study was under taken during September, 2020
to December, 2020 at apiary of AICRP on honeybees and pollinators, OUAT, Bhubaneswar.
Twenty four colonies were selected and was laid out in RBD with six treatments and four
replications. Four different pollen substitute diets viz; PAU Ludhiana diet, YSPUHF diet,
GBPAUT diet and OUAT diet were prepared as per specified compositions and the natural
corbicular pollen was collected. Besides one control treatment was added where only 50%
sugar solution was provided. The colony performance was observed at 21 day interval while the
foraging activities were observed at weekly interval after each feeding. It was clearly observed
that the overall increase of brood area (403.44 cm?), nectar area (142.19 cm?), pollen area
(16.50 cm2) and bee strength (5.75) was significantly high in corbicular pollen fed colonies in
compare to other treatments. The PAU pollen substitute diet fed colonies were close to these
treatments. With regards to foraging activity it was recorded the overall nectar forager (7-09)
and pollen forager (5-46) was maximum in corbicular pollen substitute diet. Also when the
consumption of different pollen substitute diet was tested it was observed that maximum
(31.4%) diet was consumed in corbicular pollen diet followed by PAU substitute (26.6%),
GBPUAT diet (25.1%), OUAT diet (25.0%) and YSPUHF diet (24.2%). As regards the study
of economics it was observed that feeding with different pollen substitute diet enhanced all the
yield attributing traits for higher honey production thereby giving a return of Rs 600 to 800/-
per colony. Though the corbicular pollen diet provided highest return (Rs800 per colony) but
from the cost point of view PAU diet was more remunerative followed by OUAT diet which

may be recommended for use by beekeepers.



INTRODUCTION

Honeybees are social insects that spend their entire lives with their colony
mates, with generations overlapping. Because they coevolved with angiosperms, nectar
and pollen are their primary sources of nutrition. According to the National Bee Board,
which is part of the Ministry of Agriculture, India produced 1.05 lakh metric tonnes
(MT) of honey in 2017-18, up from 35,000 MT in 2005-06. In 2005-06, India had 8
lakh bee colonies, however now it has 35 lakh bee colonies. The number of beekeeping
firms and associations has also expanded, with 9091 recognised bodies in the apiary

business as of January 2019.

Honeybees are the most important pollinators of many crops. Currently, seven
Apis species have been identified, with India hosting four of them: two domesticated
species, Apis cerana indica Fab. and A. Mellifera L., and two wild species, Apis
dorsata and A. florea. The Indian honeybee (Apis cerana indica Fab.) is the foundation
of Indian beekeeping and is found all over the country. It can grow up to 2500 metres
above sea level and has a variety of biological and economic characteristics. Apis
cerana can be found in climatic zones ranging from tropical, moist rainforests to dry
grasslands and taiga on around 30 million km2 of Asian landscape (Koetz, 2013;
Radloffet al., 2010). Swarming, absconding, robbing, production of laying workers, low
honey yield, and vulnerability to the Thai sacbrood virus are all disadvantages of this
species. Pollen grains are the male germs of flowers that are high in protein and are
used by honey bee colonies as a building ingredient for growth and tissue repair
(Somerville, 2000; Alghamdi, 2002; Mishima et al., 2005). Carbohydrates make up the
majority of the colony's diet. Both larvae and adults require this for appropriate growth
and development. Nectar and honey are the primary sources of carbohydrates. As a
result, the carbohydrate supplement may aid to maintain brood rearing and colony
development in the face of adversity. Pollen is particularly important for brood raising
and colony formation under adverse conditions. Pollen is especially important for brood
raising because nectar is used as a food source for both brood and adults. They gather
nectar from a variety of natural sources. When bee foraging plants do not blossom, they
may continue to grow vegetatively. There isn't enough nectar for the bees. The wet
season is also unfavourable for bees, since they confront a severe food deficit, which

leads to absconding. Food supplementation is unavoidable for the bees in such



situations. Honeybees collect pollen and nectar when foraging, pollen being a protein
source and nectar being a carbohydrate supply, both of which meet their nutritional
needs (Seeley,1985 and Winston, 1987). Because honeybees have a division of labour,
only the forager bees will be responsible for foraging (Von Frisch, 1967,
Suwannapong, 2000). During the monsoon and winter seasons, it is critical to have
adequate food supplies of honey and pollen. Supplementary pollen feeding reduced
absconding in Apis cerana indica Fab, according to Woyke (1976) and Raj and
Basavanna (1980).

Program sugar is the most effective supplementary feeding for bees since it
encourages them to mate, forage for pollen, and eventually produce honey during the
honey flow season. Sugar can encourage bees to work harder. Supplemental food
allows the colony to reach its full capacity as a production unit, allowing it to produce
more honey and pollinate more effectively. Sugar syrup can encourage colonies to

produce more brood.

This has an impact on how much pollen a colony accumulates. Pollen substitute
and sugar syrup feeding increases the number of bees and frames covered by bees,
brood area, and colony weight significantly more than sugar syrup or pollen alone
(Sahinler et al., 2003).

Bee management necessitates three forms of feeding: dearth feeding (during the
rainy season), supplementary feeding (during the summer season), and stimulant
feeding (during the winter season) (winter season). Because of this scarcity, beekeepers
must feed their hives, with additional and stimulant food provided as needed. The
extracted honey appears to be natural honey, but it lacks nutritional and therapeutic
properties (El-Banby et al., 1989). As a result, artificial food supplementation is
required for fruitful honey production and the survival of A.cerana indica Fab. during
times of scarcity. Sugar syrup (1:1) is one of the most popular nectar substitutes,
whereas pollen alternatives for honey bees during the dearth period include soybean
flour, mung bean flour, cornflour, mixed flour, and others. It is vital to assess the
efficacy of such nectar and pollen alternatives in the preservation of honeybee colonies.
However, no research has been done to determine the impact of a pollen substitute diet
on Apis cerana indica Fab's growth and development, as well as foraging activity.

Odisha, in particular, is a state in India. Artificial feeding of honeybee colonies during a



drought has long been acknowledged as a necessary practise for long-term survival,
reproduction, and brood raising, particularly in stationery beekeeping. During the
dearth period, strong colonies have an early build up and more foraging bees during the
succeeding floral period, resulting in increased honey production and improved
pollination services. Pollen substitute diets are being developed in the interest of
beekeepers to tackle the problem of floral dearth (Abdullah et al 1971). Using honeybee
colonies for pollen collecting during the flow season is costly and has a negative impact
on their productivity. As a result, developing a pollen substitute diet is critical for
feeding honey bee colonies during periods of scarcity. The effect of pollen substitute
diet for Indian hive bee, Apis cerana indica F. under odisha was studied with the

following goals in mind:
1. Effect of pollen substitute diet on colony performance attributes.
2. Effect of pollen substitute diet on the foraging activity.

3. Assessment of economics of pollen substitute diet.



REVIEW OF LITERATURE

Honeybees play a crucial role in crop pollination. They pollinate a vast number
of flowers in exchange for pollen and nectar, which they use to feed themselves.
Various colony characteristics, including as colony population/strength, brood
condition, queen prolificacy, availability of bee flora, and meteorological
circumstances, influence honey output. There are a lot of references on crop pollination
and evaluating the quantity and quality of bee flora, but there isn't much information on
the influence of regular sugar feeding on bee colony performance. However few related
references about present investigations entitled "Impact of some pollen substitute diet
on colony performance of Apis cerana indica Fab. in Odisha" has been reviewed under

the following subheadings:

2.1  Effect of pollen substitute diet on colony performance attributes (brood area,

honey area, pollen area, brood, and bee strength)

2.2  Effect of pollen substitute diet on the foraging activity of Apis cerana indica F

2.3 Assessment of economics of pollen substitute diet.

2.1  Effect of pollen substitute diet on colony performance attributes (brood

area, honey area, pollen area, brood, and bee strength) of Apis cerana indica F.

Bailey (1966) discovered that semi-refined cane sugar is harmless for bees,

while semi-refined beat sugar shortens their lives.

Artificial feeding in Apis mellifera, according to Standifer et al. (1970), only
had a favourable influence on brood rearing in a bad year. Pollen containing fructose-
glucose syrup was more appealing than pollen containing simply water, which was, in
turn, more appealing than dry pollen. Similarly, when mixed with fructose-glucose
syrup, pollen supplement plus the attractant portion was more appealing than when

mixed with water alone.

Pollen supplements containing the attractant fraction and sucrose were equally
appealing as those containing sucrose, fructose, and glucose in equal weights, but more
bees fed on the three-sugar supplement than on one containing only fructose and

glucose. There were no significant differences in the number of bees counted on pollen



supplements containing equal amounts of honey, sucrose, fructose, and glucose (Doull
1974).

According to Ewies and Ali (1976), the honey bee favours sucrose above

glucose, inverted sugar, molasses sugar, and other sugars.

Villumstad (1977) discovered that as the number of bees in the colony

increased, so did the overall brood area.

Honey bees' foraging rates are directly proportional to their strength (Neukrish
1982). Husseien (1979) found that feeding bee colonies 1:1 sugar syrup blended with

0.75 to 1.0 percent ascorbic acid increased honey production significantly.

Colonies that only offered pollen substitute acquired enough natural pollen to
rear and brood as well as colonies that offered pollen replacements, according to
Herbert et al (1979).

Colonies fed invert sugars had significantly smaller brood areas (12 and 13dm2)

than those fed sucrose, according to Vanden and Smeekens (1982). (20dm?2).

When pollen substitute was supplied to colonies for 21 days, Imdorf et al.
(1983) discovered that brood area increased briefly but adult numbers fell.

In California, Peng et al. (1984) conducted research on additional feeding honey
bees and found that colonies fed sugar syrup had much higher populations than unfed
control colonies. The brood levels in the unfed control colonies were likewise

marginally lower than those in the colonies that received feeding treatments.

Silva et al. (1985) discovered that giving the colonies sugar syrup and a protein
supplement (soy flour + 25% pollen) yields more honey than only sugar syrup and
protein supplements. Brood and honey production increased in sugar-fed colonies,
according to Musa et al. (1988). According to Brar et al. (1989), brood rearing was at
its best from February to April due to good weather conditions and the availability of
abundant bee flora.

Foraging efficiency was found to have significant positive connections with
pollen storage, brood area with foraging efficiency, and egg-laying pollen stores. A.
mellifera, on the other hand, produced 22% more brood than A. cerana (Shah and Shah
1989).



Honey production increases as the population grows, according to Szabo and
Lefkovitch (1989) in Alberta, Canada. Honey production is substantially connected
with the number of worker brood cells, worker population, and multiple drone brood
cells and population of drones.

In Punjab, India, Chhuneja (1991) discovered that colony size and pollen had
independent effects on honey bee rearing.

According to Pesante et al. (1992), European honey bee (A. mellifera) colonies
fed 1 litre or 3 litres of 50 percent protein and pollen substitute twice a week gained
significantly more weight than African colonies. However, it went unnoticed at another
apiary where the nectar flow was smaller. Colonies that were fed one litre of syrup

weighted more than those that were fed three litres.

Bees absorbed more api-invert solution at concentrations of 50 percent and 60
percent sugar and api-invert solution, according to Kammerer (1994), but sucrose at 20
percent, 30 percent, and 40 percent. When bees were given three sugar solutions, each
containing a single sugar, their overall sugar consumption was roughly 30% fructose,
27% glucose, and 43% sucrose, but the sugar solution stored by the bees had a smaller

proportion of fructose and more glucose. The sucrose ratio was virtually same.

While the colonies had an average brood area of 220cm2, brood frames
gradually rose until December (330cm2), but declined sharply in January in A. cerana
indica (160cm2). Kumar and Wakode (1997, Kumar and Wakode).

According to Chaudhary (2000), the brood area of A. mellifera increased rapidly
from 2.5 to 7.3 frames per colony from February to March, then remained stable at 6

frames until May and June, after which it began to fall until early September.

According to Karacaoglu et al. (2003), increased pollen and sugar feeding with varied

diets had no significant effect on honey yield or brood growth in experimental colonies.

When bees were fed pollen substitute, the number of brood cells increased by
53.5 percent, brood frames increased by 37.1 percent, and frames inhabited by bees
increased by 32.0 percent, according to Neupane and Thapa (2005). When fed banana
and pumpkin syrup, honeybee colonies grew brood cells by 16.3 percent and 2.8

percent, brood frames by 17.1 percent and 8.6 percent, and bees covered frames by



12.0% and 3.2 percent, respectively. The number of brood cells, brood frames, and bee-

covered frames remained nearly constant when honeybees were given pumpkin syrup.

Pramod and Suresh (2010) investigated the impact of bee strength and artificial feeding
on the fecundity of Apis mellifera L. queens in Pantnagar's Tarai environment. During
the dearth period, all treated colonies except control were fed a 50% pollen substitute,
and it was discovered that the amount of frames in colonies had no effect on egg laying,
but it was continued regardless of the months or number of frames from May to July,
including control. After July, the egg-laying slowed to a halt, and from August through
October, no eggs were found. This suggests that the honey/pollen accumulated in the
control between June and July played a role in egg laying. Weekly results were
significantly superior in all treatments (T1 to T4), and aggregated data suggest that

none of the treatments were significant among themselves.

The influence of several simulative feeds on the spring growth of Apis mellifera
was studied by Andelkovic et al. (2011). They discovered that the spring simulative

feed is a critical determinant in the formation of honey bee colonies.

Ram C. Sihag and Manisha Gupta (2013) observed that strength of a colony was
directly proportional to the brood rearing since strong colonies always reared more

broods in the colony.

Kumar et al. (2013) found that formulated meals (defatted soy four, brewer's
yeast, and soy protein hydrolysate power) were the most successful, with 723.4 cm2
sealed brood area, 5.8 total bee covered frames, and 9138.6 bee population. The
performance of all experimental colonies was shown to be superior than that of control

colonies.

The honey gathered from the T1 (soybean diet), T2 (gramme diet), T3 (Maize
diet), and T4 (sugar alone) diets was 21.3 kg 0.22, 24.4 kg 0.29, 19.3 kg 0.11, and 16
kg 0.11, according to Mahmood et al. (2013). Honey produced after pollen was treated
with gramme diet (T2) was much superior than honey generated by bees fed on other

pollen supplemental diets.

Andi and Ahmadi (2014) did a 60-day trial feeding colonies in May and June
(the first 45 days of feeding every second day and the other 15 days without feeding).
Treatment 2 (2000 mg/L vitamin C) had the largest average brood area (9049 cm2),



while treatment 1 (control) had the smallest (4848 cm2) (p0.05). At treatment 4, the
mean colony population was larger than the control (10.41 vs. 8.38 comb, respectively)
(p0.05). Treatment 2 had the lowest percentage (17.5%). In treatment 4, worker bees
had a higher mean body weight than the other group (p0.05). Brood area, colony
population, and worker body weight and protein rose when vitamin C was added to

spring nutrition (1:1 sugar syrup) in the colonies.

According to Pradeepa et al. (2014), the CPI in sugar-fed colonies jumped from
4.6 to 11.4. After one week of rescue, the wax moth infested colony's CPI (7.4 to 3.0)
showed a considerable fall and then a large recovery (3.0 to 8.5). In colonies kept in the
hot sun, the CPI dropped dramatically from 8.2 to 1.8, recovered significantly from 1.8
to 9.4 in the post-rescue period, and showed no significant change in the case of 50
percent brood elimination. Sugar syrup and pollen aid in the formation of CPI and other

appropriate rescue measures to prevent colonies from fleeing.

The bee, Apis mellifera colonies were given 500g of sugar solution (1:1 sugar
and water) during the season of dearth (May to July), which was shown to be extremely
effective and helpful for colonies of bees. After passing through the dearth phase, the
bee strength was found to be 7.8, 6.2, 4.4, and 3.3, respectively, if these were fed at
1,2,3, and 4-week intervals. The colonies did not eat artificially in a timely manner, but
they were able to live until the last week of June, when they began to dwindle in the
first week of July (Tomar and Singh 2014).

Pande and colleagues (2015) For the observation, provide four varieties of
syrups: T1 Banana, T2 Papaya, T3 Grapes, and T4 Guava in comparison to T5 Sugar.
Brood area (sq cm), honey store (sq cm), pollen store (sq cm), and forage
(forager/minute) activities increased steadily, with banana (brood area 768.00, 774.00;
honey stores 836.33, 856.00; pollen store 329.00, 335.33 with 18.33, 20.33
respectively) being the most active (brood area 768.00, 774.00; honey stores 836.33,
856.00; pollen store 32 (brood area 733.00, 741.67; honey store 822.33, 845.00; pollen
store 313.00, 318.67 with 16.66, 18.67 respectively), Sugar (brood area 680.00, 683.00;
honey store 799.00, 804.67; pollen store 298.67, 304.33 with 16.66, 17.33 respectively)
and grapes (brood area 612.00, 615.67; honey store 734.67, 746.67; pollen store
282.67, 290.00 with 11.66, 11.67 foragers per minute respectively) All needed criteria

were determined to be the least in guava. So, among the studied banana fruits, the best



nectar supplement was banana, followed by papaya, both of which cut feeding expenses

by more than 35% and 50%, respectively.

According to Kishan and Srinivasan (2016), 4 and 8 g/FS (Frame Strength)
were superior than 0, 1 and 2 g/FS (Frame Strength) in the dearth season (October to
December 2014), showing that larger amounts of PS (Pollen Substitute) may be given
in the dearth period compared to the honey flow period. Providing high levels of PS
during times of scarcity aids in the growth of a large colony of honey bees, who then
labour to collect pollen and nectar during times of abundance. As a result, colony
growth parameters did not significantly rise above 4g / FS. In the dearth period, 4g/FS
of PRGF-based PS was shown to be optimal, while in the honey flow season, 2g/FS of
PRGF-based PS was found to be optimal. PS showed a positive influence on colony
development metrics like as honey production, pollen storage, sealed brood production,

and adult population.

According to El-sherif et al. (2017), treatment (C) (Brewer yeast — chickpea
cake supplemented with 4.2 percent pollen as a protein supplement + sugar syrup) was
the best diet (2:1). When compared to the equivalent average in the colonies before
feeding, it came first in order and produced a higher brood-rearing rate of 968.84
worker brood/day with increasing percentages of 127.28 percent. When compared to
the weight before feeding, the average weight of stored honey was 3502.92
grams/colony, an increase of 433.78%. The weight of stored pollen did not differ
significantly between the diets, however treatment (C) generated a greater weight of
stored pollen of 249.03 grams/colony with an increase of 315.45 percent when
compared to before feeding, and the average lifespan of caged freshly emerging

workers was 26.17 days.

According to Fathy et al. (2018), the average total number of square inches of
store pollen per colony for those treated with Glucose, Fructose, Molasses, Moringa,
and Control was 3116, 3132, 2825, 3552, and 2566 sg. in. The greatest rates of pollen
collection were recorded in July and May, with 740 and 685 square feet per colony,
respectively. Moringa produced the most stored pollen (3552 sqg. in/colony) over the
course of a year, whereas Threatened colonies with Molasses produced the least (285
sg. in/colony). In addition, the smallest quantities resulted in the smallest quantity of

pollen stored (285 sq. in/colony).



After 15 and 30 days of testing, Rashid et al. (2018) found that the PS-1
colonies had the largest growth in brood cells, with brood cells increasing 385.0 percent
and 351.6 percent, respectively, compared to 94.2 percent and 58.9 percent in control
colonies. The colonies that were given PS-1 produced the most honey, whereas the
control colonies produced the least. Syrup-2 had the most pollen collection (2.61g),

whereas syrup-3 had the least.

The colonies were fed (chickpea flour + wheat germ + dried brewer's yeast) and
produced the highest average biological activity of 105,54 g 363,75 inch2, 134,83
inch2, and 404,08 inch2 / colony for diet consumption, sealed workers brood area,
stored pollen area, and stored honey area, respectively, according to Younis (2019).
The colonies fed (pea flour + defatted soybean flour + dried brewer's yeast) had the
lowest average biological activity, averaging 77.0 g, 235.1 inch2, 75.43 inch2, and
258.39 inch2/colony for food intake, sealed workers brood, and stored pollen,

respectively.
2.2 Effect of pollen substitute on foraging activity

Feeding honey bee colonies with pollen substitute enhances their pollen
gathering performance, according to Free and Spencer-booth (1961). When dilute (40
percent sugar) and intense (62 percent sugar) sugars were given, the results were

similar.

Pollen collection activity is influenced by the availability of pollen-producing
flowers as well as environmental factors like as dawn, sunset, and day temperature,
according to Bisht and Pant (1968). They also discovered that the time the bees began
collecting pollen journeys and the maximum daily temperature had a negative
relationship. The relative humidity of the day and the periods when the bees began

gathering pollen had a substantial correlation.

Ibrahim (1973) found that when A.mellifera colonies were fed pollen substitute
containing 4% pollen, they gathered 28.6% more pollen than identical colonies fed

honey solution containing the same amount of pollen.

According to Reddy (1980), the Indian honey bee Apis cerana's foraging
activity peaked in July and peaked again in January in Bangalore. Pollen plus nectar
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collectors were found in larger quantities than pollen or nectar collectors, he

discovered.

Thakur et al. (1982) found that foraging activity was higher in the afternoon in
Himachal Pradesh (300 bees returned in 5 minutes), and that they saw more pollen

foragers in the morning than in the afternoon.

In Himachal Pradesh, honey bees began foraging around 9.00 a.m. and were
most active from 11.00 a.m. to 4 p.m. (Bhalla et al., 1983)

Foraging behaviour for pollen and nectar is strongly influenced by daytime
temperature and humidity. Foraging A.cerana indica's threshold temperature was
assessed to be approximately 14° C, whereas Apis florea and Apis dorsata's threshold
temperatures were estimated to be around 17° C. During the winter months, the ideal
feed temperature for the former was 20° C and 24° C for the latter two species (Brisht et
al., 1983).

Summer (06.00, 08.00, 10.00, and 16.00 hours); rainy (09.00 and 10.00 hours);
autumn (09.00, 10.00, and 12.00 hours); early winter (09.00 and 14.00 hours); late
winter (11.00 hours); and spring (06.00, 08.00, 10.00, and 16.00 hours), according to
Mattu and Verma (1985). (08.00 and 11.00 hours). Overall, nectar collection was
higher than pollen, pollen + nectar, and water collection in all seasons of the year.
During various seasons, there were more changes in the percentage of nectar collectors

compared to pollen, pollen + nectar, and water collectors.

Bee flying was impacted by temperature and blocked above 32° C, according to
On and Choi (1986).

Foraging began at 5.00 a.m. in July-August, peaked between 8.00-9.00 a.m.,
and ended around 20.00 a.m. Around 12.00-15.00 h, there was the least amount of
activity. Pidek (1986) discovered that feeding the A. mellifera colony bigger pollen
substitute meals reduced the total time taken but had no effect on the amount of food

consumed.

Foragers in Quebec, Canada, were able to collect more pollen in smaller
colonies due to greater brood, resulting in reduced honey output, according to Marceau
et al. (1990).
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Syrup feeding increased the quantity of kiwi fruit pollen collected by up to 7.9

times during the whole flowering season, according to Goodwin et al. (1991).

In fall, Raj et al. (1993) found that pure pollen attracted more foragers

thanpollen substitute.

Honey bee preference was evaluated against refined and unprocessed PS by

Khorvash et al (1994), and unrefined PS produced excellent findings.

Augustjin (1994) found that flight activity in honey bee (A. mellifera) colonies
dropped to practically nothing in October from a peak of 28,000 bees per day in early

August. The activity is momentarily enhanced with sugar feeding.

According to Jyothi (1994), the number of Apis cerana indica bees visiting the
mango panicle grew gradually from 6:00 am. to 12:00 p.m., with a peak (16-20
bees/panicle) between 9:00 a.m. and 11:00 p.m.

Thapa and Pokhrel (2005) found that feeding sugar syrup to bee foragers
increased outbound and inbound flying by 908-987 percent and 578-704 percent,
respectively. In comparison to control colonies, a modified diet (low dosage of sugar
syrup mixed with pollen substitute) was excellent for treating honeybee colonies off-
season, resulting in high flight activity levels of 3.3 times out-going and 2.8 times in-
coming.

Pollen collection was highest in the early morning, and lowest in the afternoon,
according to Reyes-Carrillo et al. (2007).

Colonies led by virgin queens had more foraging activity but less pollen
collection than colonies led by mated queens, whereas queen-less colonies had lower
foraging activity and pollen collection than colonies led by mated queens (Free et al.,
1985). Foraging behaviour is also influenced by colony strength and brood-rearing
activities (Amdam et al., 2009, About-Shaara et al., 2013).

Between black and yellow strains of Indian honey bee Apis cerana indica,

Shruti et al. (2009) examined behavioural characteristics such as pollen carrying
capability, pollen and honey storage, and colony population. Pollen foragers carry
relatively little fluid during the warmest periods, and pollen foraging decreases at high

ambient temperatures, according to the findings.
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The sucrose response thresholds of resin foragers were lower than pollen
foragers, according to Simone-Finstrom et al. (2010). Workers with low sucrose
response thresholds begin foraging for water and pollen sooner and at a younger age
than workers with high sucrose response thresholds who forage for nectar (Pankiw
2005).

Honey bee workers' foraging efficiency can be harmed by diesel exhaust

because worker bees' capacity to detect floral scents is harmed (Girling et al., 2013).

According to Chaand et al. (2017), a substantial rise in foragers collecting
pollen only and nectar exclusively was linked to increased pollen and nectar
availability, which was mostly attributable to the blooming of more plant species that

provide both pollen and nectar.

Sweet cherry pollen collection increased 2.16-fold, field bean pollen collection
rose 3.27-fold, red clover pollen collection increased 5.2-fold, and Kiwifruit pollen

collection increased 7.9-fold after sugar syrup feeding (Gemeda et al., 2018).

According to Hemalatha et al. (2018), the highest temperature has a positive
connection with the foraging activity of arriving and outgoing bees with honey and
pollen (r=0.117, r=0.188, and r=0.120, respectively). During the winter season, the
highest foraging activity was 10.30 percent, 9.91 percent, and 9.26 percent during the
third, fourth, and fifth standard weeks, respectively. The departing bee population
outnumbered the nectar gatherers from the first (47.69 percent) to fifth (48.61 percent)
standard weeks. The population of nectar gatherers achieved the pollen gatherers
contribution of just 16 percent in the sixth standard week. Pollen gatherers were never

more numerous than nectar gatherers or emigrating bees.
2.3 Assessment of economics of pollen substitute diet

Tsibulski (1975) found that having unsealed brood in the colony reduces honey
output because it is utilised for brood raising.

With the use of contemporary methods, one may generate 15 kg of honey each
colony, bringing in Rs.3,000 per year. '‘Maskey' (1989).

According to Khadka (1999), the cost-benefit ratio of exotic bees (Apis
mellifera) ranges from 0.66 to 1.06, and the average B/C ratio of exotic and native bees
is 0.66 and 0.48, respectively, in seven VDCs in the sub-urban area of Nepal's Lalitpur
district. The typical B/C ratio is less than one, as seen by this graph. Lack of bee food
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supplies, poor management, a lack of technical and medical services, high fixed input
costs, and insufficient training were the primary causes of low production. To make
apiculture more profitable, these factors must be improved.

In the Dadeldhura area of Nepal, Gurung (2005) stated that one beekeeper was
able to sell NRs.40,000 (US$563) worth of honey in one season with very little
monetary input. The average yearly cash revenue from Apiscerena beekeeping was
around NRs 4,152 (US$56) among beekeepers in Alital, Dadeldhura, accounting for
more than one-third of the entire annual cash income from agriculture operations.
Mountain women from all across the nation do traditional beekeeping and generate

around 2 to 3 kg of honey per colony each year.

Bhusal (2006) found that the exponential increase in honey production Y=4,22
—0,7325 X + 0,09625 X2 (4 x 10 comb covered by bees per colony) and Y = 4.22 —
0.000299 x + 0,000000016 X2 (9,800 x 24,500 honeybees per colony), n = 4 produced
2.32, 1.59, and 1.18 times more honey from the initial 10,8, and 6 — frame colonies,
Colony strength, brood raising, comb construction, foraging behaviour, and honey
output all have a substantial positive linear relationship. Kumar (2012) discovered that
as the number of colonies grows, so does the profit from beekeeping. Between
November 2008 and April 2009, there were substantial differences in adult bee
populations, with an overall average of 10.0 1.3 frames of bees given sucrose syrup

compared to 7.51.6 frames of bees fed entirely on HFCS.

According to Sammataro and Weiss (2013), colonies given SS developed a
honeycomb of 7916.7 cm2 (1015.25 cm2) on average, while colonies given HFCS
created 4571.63 cm2 (786.45 cm2). Bees fed HFCS had a mean mass of 4.65 kg (0.97
kg), while those fed sugar had a mean mass of 8.27 kg (1.26). In the second trial,
colonies treated with PS throughout the winter months at a remote field site produced
more spring brood than colonies fed with HFCS.

Patruica and Hutu (2013) used 110 bee colonies in their study, which were fed
pollen substitute 1.4 L/weekly colonies) on a controlled schedule between March 25
and April 15. On April 20, the bees were moved to a rapeseed field for foraging, and
honey output was assessed for each experiment at each foraging period. When
compared to the control group, colonies given PS with prebiotic and probiotic
supplements produced more honey and had greater earnings (varying from 14.67

percent to 45.49 percent).
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MATERIALS AND METHODS

The present studies were carried out to find the effect of pollen substitute diet
on colony performance (brood area, honey area, pollen area, bee strength), extent of
pollen substitute diet consumption and foraging activities (incoming nectar foragers,
incoming pollen foragers) of Indian hive bee Apis cerana indica Fab. The details of
material used and method followed during the course of investigations have been

presented in this chapter.
3.1 Experimental site
3.1.1 Location

The studies were carried out at the Apiary of the AICRP on honey bees and

pollinators, Odisha University of Agriculture and Technology, Bhubaneswar.
3.1.2 Climatic Conditions

Out of the 10 agro-climatic zones of Odisha, Bhubaneswar is coming under east
zone. The climatic conditions of bhubaneswar are characterized by warm and moist
climate with hot and humid summer and mild winter. Broadly the climate falls into “hot
and moist sub humid” group. Environmental factors during sugar feeding, particularly

temperature and relative humidity of the atmosphere, influence the quality of honey.
3.2 Selection of Apis cerana indica colonies

Bee colonies (Apis cerana indica) with no clinical signs of disease were used
for the study. Apiscerana colonies with replications R1, R2, R3, R4 were selected in
September for examining colony parameters viz., brood area, honey area, pollen area
and bee strength. Total 24 colonies were selected involving six treatments .Four
different pollen substitute diets were prepared as per specification collected from
AICRP centers of different Agricultural Universities like, PAU diet(T1), GBPAUT
diet(T2), YSPUHF diet(T3), and OUAT diet(T5).0One fresh corbicular pollen diet(T4)
and one only sugar solution diet (T6) was also included. Normal colony maintenance
practices were regularly followed in all the colonies selected for the present studies.
The present experiment was carried out during September 2020-December 2020.
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A) Treatments-6

T1 - Brewer’s yeast(41.8gm) + Skimmed milk powder(4qm) + Dehusked parched
gram(4.24m) + Sugar solution (Sugar : Water =13:12, w/w)(50.0ml)

T2 - Soy Bari (18.75¢m) + Honey (50gm) + Amul (18.75¢m) + Yeast(12.5¢m)

T3 - Soy (150¢gm) + Wheat (150gm) + Yeast (1004m) + Sugar solution (400ml) (Sugar :
Water = 2 :1) + Dark rum (20ml)

T4 - Corbicular pollen feeding)

T5 - Soy (60gm) + Honey (35¢m) + Yeast (5qm) + Multivitamin (1gm)
T6 - (Only sugar solution@ 200 grams sugar per colony (1;1)

B) Replications- 4

Experimental design- Experiment laid out in RBD

3.3 Material used

Feeding bowl, sugar, honey, water, dark rum, soy, amul, yeast.
3.3.1 Preparation and feeding of pollen substitute

3.3.1.1 Preparation of pollen substitute

According to all the above treatments we prepared all the mixture. Every

mixture was stirred vigorously until all the material mixed well. (Plate 1)
3.3.1.2 Feeding of pollen substitute

The slurry of the pollen substitute diet was prepared as per ingredient mentioned
against each treatment (Sihag and Gupta, 2011). Freshly collected corbicular pollen
was weighed and made ready for application. Fifty grams of each pollen substitute diet
was given to each colony at each feeding. Similarly for control treatment 200 grams of
sugar per colony is provided with 50% concentration (1;1). The pollen substitute diet
was provided on a feeding bowl and fed to honeybee colonies at evening after all the

bees stopped their activity. While feeding care was taken that pollen substitute should
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not fall on the ground; otherwise there would be robbing among the colonies (Plate 2).

Pollen substitute was given 4 times from September to December in following date-
September — 14.09.2020

October —5.10.2020

November — 28.10.2020

December — 19.11.2020

3.4 Observation to be taken:

3.4.1 Effect of pollen substitute diet on colony performance attributes

3.4.1.2 Measurement of consumption of pollen substitute:

After feeding of 50grams of pollen substitute diet to each experimental beehive

the weight of each pollen substitute diet was recorded at 2", 7" and 10" days interval.
3.4.1.3 Measurement of colony performance attributes
a) Brood area, honey and pollen area in (cm?)

Brood, honey and pollen area were measured in sg. cm once in 21 days from
every feeding. The above parameters were measured with help of frame sized wire grid,
which fitted well on the four wooden bars of the comb, when placed on it. The wire
grid consisted of squares each having 6.45 sq. cm area. The wire grid placed on combs
having unsealed and sealed brood, pollen and honey. Number of squares of wire grid
covering the different parameters was counted on all the combs in a colony and from

the total brood, pollen and honey area was obtained. (Plate 3)
b) Bee strength (Numbers)

Number of frames covered by bees was taken as a measure of bee strength. Bee
strength was recorded once in every 21 days from September to December 2020. The
colony was opened and combs of bees were sequentially removed and the number of

frames covered by bees in box was recorded.
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3.5 Effect of pollen substitute diet on foraging behaviour of bees:

After giving pollen substitute and sugar solution to the 24 bee hives the bee
activity at the hive entrance was recorded at 3 times of the day viz., morning (8-9hr) ,
afternoon (11-12hr) and evening (15-16hr) after every feeding at weekly interval.. The
pollen foragers and nectar foragers observations were recorded by counting number of
bees coming in by standing near at every box for 5 mins. Foraging acitivity recorded

from September to December 2020 at weekly interval..
3.6 Assessment of economics of pollen substitute diet:

Honey was harvested at end of December 2020 with the help of manual honey

extractor.The cost of pollen substitute was calculated and profitability was estimated.
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Plate 2: Pollen substitute feeding to bee colonies
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Plate 3: Observation of colony performance attributes (brood area, pollen area,

honey area, bee strength in sq cm)
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RESULTS

The present studies entitled “Impact of some pollen substitute diet on colony
performance of Apisceranaindica F. in Odisha” have been undertaken during 2020-2021
at Apiary of AICRP on Honeybees and Pollinators, Odisha University of Agriculture
and Technology, Bhubaneswar so as to evince the impact of some pollen substitute to
ApisceranaindicaFab. The details of experiment results are presented in the following
sections.

4.1 Colony Performance Attributes
4.1.1 Brood Area

The data from the present investigation indicated that the brood area before
feeding was around 300 cm?. (Table 1 and Fig. 1)

After 21 days of first feeding the brood area ranged between 194.25 cm? to
322.50cm? with a mean of 300.45 cm? The minimum brood area (194.25 cm?) was
observed in control plot while maximum brood area (322.50 cm?) was observed in PAU
diet followed by GBPUAT diet, YSPUHF diet and OUAT diet.

After 21 days of second feeding the brood area ranged between 337.50cm? to
366.25cm? with a mean of 352.45cm? .The minimum brood area (337.50cm? ) was
observed in control plot while maximum brood area (366.25 cm?) was observed in PAU
diet followed by corbicular pollen feeding, GBPUAT diet, YSPUHF diet, and OUAT
diet.

After 21 days of third feeding the brood area ranged between 373.75cm? between
431.25cm? with a mean of 399.58 cm?® The minimum brood area (373.75cm?) was
observed in control plot while maximum brood area (431.25 cm?) was observed in
corbicular pollen feeding followed by PAU diet, GBPUAT diet, YSPUHF diet and
OUAT diet.

After 21 days of fourth feeding the brood area ranged between 412.50 cm? to
502.50 cm?® with a mean of 450.00 cm?. The minimum brood area (412.50 cm?) was
observed in control plot while maximum brood area (502.50cm?) was observed in
corbicular pollen feeding followed by PAU diet, OUAT diet, GBPUAT diet and
YSPUHF diet.

On an average of four feeding the brood area ranged between 329.50 cm? to
403.44 cm? with a mean of 373.81 cm® The minimum overall brood area (329.50 cm?)
was observed in control plot while maximum overall brood area (403.44 cm?) was
observed in corbicular pollen fed colonies which is at par with PAU diet. Further it was
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observed that the brood area gradually increased in all the treatments after pollen
substitute fed except the control treatments where the brood area almost same after 1%
feeding (300.45 cm?) then it gradually increased.

Table No : 1 Effect of pollen substitute diet on brood area in Apis cerana indica
during 2020

Treatment Brood Area (Cm?)
Before 21 days | 21 days | 21days after | 21 days | Overall
feeding after 1% | after 2" | 3"feeding | after Area
13.09.2020 | feeding feeding 18.11.2020 | 4™feeding
05.10.2020 | 26.10.2020 09.12.2020
T1:PAU
pollen 300.00 322.50 366.25 418.75 466.25 393.44
substitute (17.33) (17.97) (19.15) (20.47) (21.60) (19.85)
T2:GBPUAT
pollen 298.75 310.00 352.50 392.50 438.75 373.44
substitute (17.30) (17.62) (18.79) (19.82) (20.96) (19.34)
T3:YSPUHF
pollen 294.75 307.50 348.50 391.25 427.50 368.69
substitute (17.18) (17.55) (18.68) (19.79) (20.69) (19.21)
T4:Corbicular
pollen 301.25 317.50 362.50 431.25 502.50 403.44
feeding (17.37) (17.83) (19.05) (20.78) (22.43) (20.10)
T5:0UAT
pollen 299.25 307.50 347.50 390.00 452.50 374.38
substitute (17.31) (17.55) (18.65) (19.76) (21.28) (19.36)
T6:0nly 308.75 194.25 337.50 373.75 412.50 329.50
sugar solution | (17.59) (13.85) (18.38) (19.34) (20.32) (18.17)
Mean 300.5 300.45 352.45 399.58 450.00 373.81
C.D:
C.D: N/A C.D:1.139 C.D:0.221 C.D:0.168 C.D.0.266 0.249
SE(m): SE(m): SE(m): SE(m): SE(m):
0.132 0.375 0.073 0.055 SE(m)0.088 | 0.082
Overall
Brood Area (Cm?)
500
400
300
200

100

H Overall
Brood Area (Cm2)

Fig. 1 Effect of pollen substitute diet on brood area in Apis cerana indica during
2020
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4.1.2 Honey Area

The data on effect of pollen substitute on change in honey area indicated that the

honey area before feeding was around 92.00 cm?. (Table 2 and Fig. 2)

After 21 days of first feeding the honey area ranged between 72.75 cm? to 114.2
cm? with a mean of 85.67 cm® The minimum honey area (52.25 cm?) was observed in
YSPUHF diet, Solan diet while maximum honey area (114.25 cm?) was observed in
CPF followed by PAU diet, GBPUAT diet, OUAT diet and control plot.

After 21 days of second feeding the honey area ranged between 88.50 cm? to
132.25 cm? with a mean of 104.63 cm? . The minimum honey area (88.50 cm?) was
observed in control plot while maximum honey area (132.25 cm?) was observed in
corbicular pollen fed traetment followed by PAU diet, OUAT diet, YSPUHF diet and
GBPUAT diet.

After 21 days of third feeding the honey area ranged between 83.50 cm? to
140.75 cm? with a mean of 110.88 cm? . The minimum honey area (83.50 cm?) was
observed in GBPUAT while maximum honey area (140.75 cm?) was observed in
corbicular pollen fed treatment followed by PAU diet, OUAT diet, control plot and
GBPUAT diet.

After 21 days of fourth feeding honey area ranged between 82.25 cm? to 181.50
cm? with a mean of 124.46 cm?. The minimum honey area (82.25 cm?) was observed in
YSPUHF while maximum honey area (181.50 cm?) was observed in corbicular pollen
followed by PAU diet, OUAT diet, control plot, GBPUAT diet.

On an average of four feeding the honey area ranged between 80.19 cm? to
142.19 cm? with a mean of 106.41 cm® . The minimum overall honey area (80.19 cm?)
was observed in YSPUHF while maximum overall honey area (142.19 cm?) was
observed in corbicular pollen fed traetment followed by PAU diet, OUAT diet, control
plot and GBPUAT diet. Further it was observed that the honey area gradually increased
in the treatment PAU, CPF and OUAT treatments where in other treatments the honey
area decreased after 1% feeding while it increase after 2" feeding and continue up to 4"

feeding.
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Table No 2: Effect pollen substitute diet on Honey storage area in Apis cerana
indica during 2020

Treatment Honey Area (Cm?)
Before 21 days 21 days 21days 21 days Overall
feeding after 1% after 2" after after Area
13.09.2020 | feeding feeding 3"feeding | 4™feeding
05.10.2020 | 26.10.2020 | 18.11.2020 | 09.12.2020
T1:PAU
pollen 92.00 102.75 120.75 126.50 141.50 122.88
substitute (9.62) (10.16) (11.01) (11.27) (11.92) (11.11)
T2:GBPUAT
pollen 89.00 72.75 90.75 83.50 86.50 83.38
substitute (9.46) (8.56) (9.55) (9.17) (9.33) (9.16)
T3:YSPUHF
pollen 91.50 52.25 94.25 92.00 82.25 80.19
substitute (9.59) (7.26) (9.73) (9.62) (9.10) (8.98)
T4:Corbicular
pollen 93.25 114.25 132.25 140.75 181.50 142.19
feeding (9.68) (10.71) (11.52) (11.88) (13.49) (11.95)
T5:0UAT
pollen 88.25 93.00 101.25 119.25 132.75 111.56
substitute (9.42) (9.67) (10.09) (10.94) (11.54) (10.59)
T6:Only 92.50 79.00 88.50 103.25 122.25 98.25
sugar solution (9.64) (8.92) (9.43) (10.19) (11.08) (9.94)
Mean 91.08 85.67 104.63 110.88 124.46 106.41
C.D.N/A C.D.0.26 C.D.0523 | C.D.0.293 | C.D.0.173 | C.D.0.153
SE(m) SE(m) SE(m) SE(m) SE(m)
0.109 0.085 0.172 0.096 0.057 SE(m) 0.05
Overall
Honey store Area (Cm?)
160
140
120
100
80
60
40 M Overall
20

Honey store Area (Cm2)

Fig. 2 Effect pollen substitute diet on Honey storage area in Apis cerana indica

during 2020
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4.1.3 Pollen Area

The data on effect of pollen substitute on change in pollen area indicated that the

honey area before feeding was around 11.50 cm?.(Table 3 and Fig. 3)

After 21 days of first feeding the pollen area ranged between 9.50 cm? to 15.00
cm? with a mean of 12.04 cm? . The minimum pollen area (9.50 cm?) was observed in
control plot while maximum pollen area (15.00 cm?) was observed in corbicular pollen
feeding followed by OUAT diet, PAU diet, YSPUHF diet and GBPUAT diet .

After 21 days of second feeding the pollen area ranged between 9.75 cm? to
16.50 cm?® with a mean of 13.00 cm? . The minimum pollen area (9.75 cm?) was
observed in control plot while maximum pollen area (16.50 cm?) was observed in CPF
followed by PAU diet, CPF, YSPUHF diet, and GBPUAT diet .

After 21 days of third feeding the pollen area ranged between 10.00 cm? to 17.00
cm? with a mean of 13.08 cm? . The minimum pollen area (10.00 cm?) was observed in
control plot while maximum pollen area (17.00 cm?) was observed in CPF followed by
OUAT diet, PAU diet, YSPUHF diet, and Pantnagar diet.

After 21 days of fourth feeding pollen area ranged between 3.50 cm? to 17.50
cm? with a mean of 9.96 cm? . The minimum pollen area (3.50 cm?) was observed in
control plot while maximum pollen area (17.50 cm?) was observed in CPF followed by
OUAT diet, PAU diet, YSPUHF diet, and Pantnagar diet. On an average of four feeding
the pollen area ranged between 8.19 cm? to 16.50 cm? with a mean of 12.02 cm? . The
minimum overall pollen area (8.19 cm?) was observed in control plot while maximum
overall pollen area (16.50 cm?) was observed in CPF followed by OUAT diet, PAU diet,
Solan diet and Pantnagar diet . Further it was observed that the pollen area increased

gradually after 1% feeding and it continued up to 4™ feeding in all the treatments.
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Table 3: Effect pollen substitute diet on Pollen storage area in Apis cerana indica

during 2020
Treatment Pollen Area (Cm?)
Before 21 days 21 days 21days 21 days Overall
feeding after 1% after 2™ after after Area
13.09.2020 | feeding feeding 3"feeding | 4™feeding
05.10.2020 | 26.10.2020 | 18.11.202 | 09.12.202
0 0
T1.PAU
pollen 11.50 12.75 15.00 14.50 12.75 13.75
substitute (3.46) (3.64) (3.94) (3.87) (3.64) (3.77)
T2:.GBPUA
T pollen 11.75 10.50 10.00 10.25 5.00 8.94
substitute (3.50) (3.32) (3.24) (3.28) (2.35) (3.07)
T3:YSPUHF
pollen 11.25 10.75 11.75 11.50 6.25 10.06
substitute (3.43) (3.35) (3.50) (3.46) (2.60) (3.25)
T4:Corbicula
r pollen 11.50 15.00 16.50 17.00 17.50 16.50
feeding (3.46) (3.94) (4.12) (4.18) (4.24) (4.12)
T5:0UAT
pollen 11.00 13.75 15.00 15.25 14.75 14.69
substitute (3.39) (3.77) (3.94) (3.97) (3.91) (3.90)
T6:0Only
sugar 11.75 9.50 9.75 10.00 3.50 8.19
solution (3.50) (3.16) (3.20) (3.24) (2.00) (2.95)
Mean 11.45 12.04 13.00 13.08 9.96 12.02
C.D.N/A C.D.0.285 | C.D.0.407 | C.D.0.614 | C.D.0.494 C.D:0.201
SE(m)0.10 | SE(m)0.09 | SE(m)0.13 | SE(m) SE(m) | SE(m):0.06
5 4 4 0.202 0.162 6
Overall
Pollen store Area (Cm?)
18 16.5
16 +—13.75 14.69
14
12 +— — -~ 10.06
10 8.94 8.19
8 4 R
6 4 | I
4 +— — Overall
(2) T — Pollen store Area (Cm2)
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Fig. 3 Effect pollen substitute diet on Pollen storage area in Apis cerana indica
during 2020
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4.1.4 Bee Strength

The data on effect of pollen substitute on change in bee strength indicated that
the bee strength before feeding was around 3.25 . (Table 4 and Fig. 4). After 21 days of
first feeding the bee strength ranged between 2.50 to 4.50 with a mean of 3.25. The
minimum bee strength (2.50) was observed in control plot while maximum bee strength
(4.50) was observed in CPF followed by PAU diet , GBPUAT diet, Solan diet and
OUAT diet.

After 21 days of second feeding the bee strength ranged between 3.00 to 5.50
with a mean of 4.08 . The minimum bee strength (3.00) was observed in control plot
while maximum bee strength (5.50) was observed in CPF followed by PAU diet,
GBPUAT diet, YSPUHF diet, and OUAT diet .

After 21 days of third feeding bee strength ranged between 3.25 to 6.00 with a
mean of 7.57 . The minimum bee strength (3.25) was observed in control plot while
maximum bee strength (6.00) was observed in CPF followed by GBPUAT diet, PAU
diet, YSPUHF diet, Pantnagar diet and OUAT diet.

After 21 days of fourth feeding bee strength ranged between 3.75 to 7.00 with a
mean of 5.46 .The minimum bee strength (3.75) was observed in control plot while
maximum bee strength (7.00) was observed in CPF followed by OUAT diet, PAU diet,
GBPUAT diet, and Solan diet. On an average of four feeding the bee strength ranged
between 3.13 to 5.75 with a mean of 4.33. The minimum overall bee strength (3.13) was
observed in control plot while maximum overall bee strength (5.75) was observed in
CPF followed by PAU diet, GBPUAT diet, Solan diet and OUAT diet. Further it was
observed that the bee strength was gradually increased in all treatments and it continues
up to 4™ feeding except the control plot where the bee strength decreases after 1°

feeding (2.50) then gradually increased up to 4™ feeding.
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Table 4: Effect pollen substitute diet on Bee Strength in Apis cerana indica during
2020

Treatment Bee Strength (no.)
Before 21 days 21 days 21days 21 days Overall
feeding after 1% after 2" after after Area
13.09.2020 | feeding feeding 3"feeding | 4"feeding
05.10.2020 | 26.10.2020 | 18.11.202 | 09.12.202
0 0
T1:PAU
pollen 3.25 3.50 4.50 4,75 5.75 4.63
substitute (1.94) (2.00) (2.24) (2.29) (2.50) (2.26)
T2:GBPUAT
pollen 3.00 3.00 4.00 5.00 5.25 4.31
substitute (1.87) (1.87) (2.12) (2.35) (2.40) (2.19)
T3:YSPUHF
pollen 3.25 3.00 3.75 4.25 5.00 4.00
substitute (1.94) (1.87) (2.06) (2.18) (2.35) (2.12)
T4:Corbicula
r pollen 3.75 4.50 5.50 6.00 7.00 5.75
feeding (2.06) (2.24) (2.45) (2.55) (2.74) (2.50)
T5:0UAT
pollen 3.00 3.00 3.75 4.00 6.00 4.19
substitute (1.87) (1.87) (2.06) (2.12) (2.55) (2.17)
T6:Only
sugar 3.50 2.50 3.00 3.25 3.75 3.13
solution (2.00) (1.73) (1.87) (1.94) (2.06) (1.90)
Mean 3.29 3.25 4.08 7.57 5.46 4.33
C.D:N/JA'| C.D:0.269 C.D:0.237 | C.D.0.249 | C.D.0.347 | C.D.0.203
SE(m):0.10 | SE(m):0.08 | SE(m):0.07 SE(m) SE(m) SE(m)0.06
1 8 8 0.082 0.114 7
Overall
Bee strength in no.
7
6 5.75
S 1 4.19 4.19
> 4]
3 -
2] = Overall
; ) Bee strength in no.
d 3 ‘8&\ &66} &‘e\
S 0«23 & N b’c’o
< & o <
P S
X

Fig. 4 Effect pollen substitute diet on Bee Strength in Apis cerana indica during
2020
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4.1.5 Extent of pollen substitute diet consumption in Apis cerana indica during 2020

The data on extent of pollen substitute diet consumption indicated that the
weight of the diet went on decreasing in 2", 7", and 10" day of every feeding.

After first feeding the consumption of pollen substitute diet ranged between
10.91yn to 14.79ymwith a mean of 12.22. (Table 5 and Fig. 5).The minimum diet
consumption (10.91y) was observed in GBPUAT diet while maximum diet
consumption (14.79¢m) was observed in CPF followed by PAU diet, OUAT diet and
Solan diet.

After second feeding the consumption of pollen substitute diet ranged between
8.46¢m to 10.86¢mwith a mean of 9.8. The minimum diet consumption (8.46ym) was
observed in T3 while maximum diet consumption (10.864m) was observed in CPF
followed by PAU diet, OUAT diet and GBPUAT diet.

After third feeding the consumption of pollen substitute diet ranged between
11.73ym to 16.23ymwith a mean of 13.6. The minimum diet consumption (11.73gym) was
observed in Solan diet while maximum diet consumption (16.23yy) was observed in
CPF followed by PAU diet, OUAT diet and Pantnagar diet.

After fourth feeding the consumption of pollen substitute diet ranged between
15.57ym to 20.89ymwith a mean of 17.3. The minimum diet consumption (15.57ym) was
observed in PAU diet while maximum diet consumption (20.894m) was observed in CPF
followed by GBPUAT diet, Solan diet and OUAT diet.

On an average of four feeding the consumption of pollen substitute diet ranged
between 12.11ymto 15.69yy with a mean of 13.2 . The minimum overall consumption of
pollen substitute diet (12.11) was observed in Solan diet while maximum overall
consumption of pollen substitute diet (15.69) was observed in CPF followed by PAU
diet, GBPUAT diet and OUAT diet.

The percentage of pollen substitute diet consumed after all feeding is ranged
between 24.2 pct to 31.4 pct. The minimum amount of pollen substitute diet consumed
(24.2 pct) in YSPUHF diet while the maximum amount of pollen substitute diet
consumed (31.4 pct) in CPF followed by PAU diet, GBPUAT diet and OUAT diet.

Further the data indicated that maximum consumption (31.4 pct) in corbicular pollen fed
treatment followed by PAU diet, GBPUAT and OUAT diet.
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Table 5: Extent of pollen substitute diet consumption in Apis cerana indica during

2020
Treatment Pollen substitute consumption per colony(gm) Percentage
S nd : d : il : pollen
feeld g 2" feeding | 3" feeding | 4" feeding Overall subs_titute
diet
consumed
(gm)
T1:PAU 26.6
pollen 1251 10.40
substitute (3.61) (3.30) 14.63(3.89) | 15.57(4.01) | 13.28(3.71)
T2:GBPUAT 25.1
pollen 10.91
substitute (3.38) | 9.36(3.14) | 12.53(3.61) | 17.48(4.24) | 12.57(3.62)
T3:YSPUHF 24.2
pollen 11.17
substitute (3.42) | 8.46(2.99) | 11.73(3.50) | 17.07(4.19) | 12.11(3.55)
T4:Corbicular 314
pollen 14.79
feeding (3.91) | 10.86(3.37) | 16.23(4.09) | 20.89(4.63) | 15.69(4.02)
T5:0UAT 25.0
pollen 11.72
substitute (3.50) | 9.81(3.21) | 12.74(3.64) | 15.66(4.02) | 12.48(3.60)
T6:Only -
sugar solution - - - - -
Mean 12.22 9.8 13.6 17.3 13.2
C.D.
0.275 C.D.0.121 C.D.N/A C.D.0.133 | C.D.0.169
SE(m) SE(m) SE(m) SE(m)
0.088 | SE(m) 0.039 0.119 0.051 0.054
Percentage of pollen
substitute diet consumed (in precentage)
3
k- =l
20 -
15 -
10 - = Percentage of Pollen
5 7 substitute diet
0 - . : ; ; consumed (pct)
& & & & &
Q& Q&& «2‘36 g && v&&
) kad N & O
< 9° s RS
¥ < &wc“

Fig. 5 Percentage of pollen substitute diet consumed in different diet
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4.1.6 Effect of pollen substitute diet on nectar forager

Before feeding with pollen substitute to different colonies the foraging activity
was almost same with a mean number of 3.61 and after 1% feeding the nectar forager
ranged between 3.31 to 4.89 (Table 6 and Fig. 6). The minimum foraging range (3.31)
was observed in control plot while maximum foraging range (4.89) was observed in
corbicular pollen fed treatment which is at par with PAU diet. After 2™ feeding the
nectar forager was observed with a mean number of 6.54. The nectar forager ranged
between 5.43 to 8.67. The minimum nectar forager (5.43) was observed in control plot,
where as maximum nectar forager (8.67) was observed in CPF followed by PAU diet,
GBPUAT diet, OUAT diet and Solan diet.

After 3" feeding the nectar forager was observed with a mean number of 5.81. It
ranged between 4.19 to 7.22. The minimum nectar forager (4.19) was observed in
control plot while maximum nectar forager was observed in corbicular pollen fed

treatment which is significantly par with PAU diet.

After 4™ feeding the mean of nectar forager/5min was 6.42. with a range of 4.89
to 7.58. The minimum nectar forager (4.89) was observed in control plot and maximum
nectar forager (7.58) was observed in corbicular pollen fed treatment which is

significantly at par with PAU diet.

With regards to overall nectar forager observations it was revealed that a mean of
5.75 it ranges between 4.45 to 7.09. The minimum nectar forager (4.45) was observed in
control plot while maximum nectar forager (7.09) was observed in corbicular pollen fed
treatment followed by PAU diet, OUAT diet, Pantnagar diet and Solan diet.

With regards to timing of nectar forager before feeding it was observed that
maximum nectar forager was at evening (15-16) hour with a mean number of 3.83
followed by morning (8-9) hour with a mean number of 3.79 and afternoon hour (11-12)

hour with a mean number of 3.21.

After 1% feeding it was reported that maximum nectar forager was observed in
morning (8-9) hour with a mean number of 5.21 followed by afternoon (11-12) hour
with a mean number of 4.06 and evening (15-16) hour with a mean number of 3.40.
(Table 6 and Fig. 6)
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After 2" feeding again maximum nectar forager was observed in morning (8-9)
hour with a mean number of 6.85 followed by evening (15-16) hour with a mean

number of 4.97 and afternoon (11-12) hour with a mean number of 4.90.

After 3 and 4™ feeding the nectar forager was maximum in morning (8-9) hour
with a mean number of 6.90 and 7.35 followed by evening (15-16) hour with a mean
number of 6.07 and 6.99 and afternoon (11-12) hour with a mean number of 4.46 and

4.92 respectively.

Further it is observed that in all the treatments the nectar forager increases after

and it continued up to 4™ feeding.

Nectar Forager per 5mins(no.) at differnt hours

Morning
3 — — — — — —  mAfternoon

Evening

Fig. 6 Effect of pollen substitute diet on foraging activities of Nectar forager in
different hours
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Table 6: Effect of pollen substitute diet on foraging activities of Nectar Forager of Apis cerana indica after different days of feeding

during 2020
Treatment Nectar Forager per 5mins(no.)
Day before 1% After 1% feeding After 2™ feeding After 3 feeding After 4™ feeding o
. verall
feeding
08-00 | 1212 | 2> | % 11392 | 156 |o08-00 | 1| 1506 | 9 | 1112 | 15 | 08-00 | 11-12 | 15-16 | 0809 | 11-12
hr hr iG 09 hr hr hr 12 hr 09 hr 16 hr hr hr hr hr 15-16 hr
r hr hr hr hr

4.08 4.89 7.36 6.67 6.44
(2.14) (2.32) (2.80) (2.68) 6.83(2.71) (2.63)

T1 425 | 350 |450[575] 417 | 475 | 7.25 | 583 575 | 817 ] 4.83]7.00| 767 517| 7.67] 721 | 500 | 6.29
3.25 3.78 6.21 5.49
(1.94) (2.07) (2.59) 5.81(2.51) 6.17(2.58) (2.45)

T2 325 | 325 [ 325[392] 383 | 358 | 642 |475] 475 | 717| 417]6.08| 7.08] 517] 625| 615 | 448 | 517
3.00 3.92 5.68 5.36
(1.87) (2.10) (2.49) 5.19(2.39) 6.64(2.67) (2.42)

T3 350 | 2.50 [3.00 | 5.00] 400 | 275 | 6.08 [4.25] 417 | 617 ] 358|583 | 758] 5.00] 733 621 | 421 | 5.02
417 4.89 8.67 7.09
(2.16) (2.32) (3.03) 7.22(2.78) 7.58(2.84) (2.76)

T4 450 | 350 | 450658 ] 417 | 392 [ 842 |642] 717 | 900| 542 [725] 858] 6.08| 808| 815 | 552 | 6.60
3.83 4.56 5.89 5.65
(2.08) (2.25) (2.53) 5.78(2.51) 6.39(2.62) (2.48)

T5 3.75 | 3.75 [4.00 [575] 483 | 3.08 | 650 |4.33] 433 | 6.25| 525|583 | 750] 458 7.08| 650 | 475 | 5.08
3.33 3.31 5.43 4.45
(1.96) (1.95) (2.44) 4.19(2.17) 4.89(2.32) (2.23)

T6 350 | 275 [375|425] 333 | 233 | 6.42 [3.83] 367 | 467 | 350|442| 567 ] 350| 550 | 525 | 354 | 3.98
Mean 3.61 4.22 6.54 5.81 6.42 5.75
Meanof | 3.79 | 321 [383 521 406 | 340 | 6.85 [4.90] 497 [ 6.90 | 446 [6.07| 7.35 | 492 | 6.99 6.58 | 458 | 5.36
morning, C.D.N/A C.D. 0.083 C.D.0.131 C.D. 0.094 C.D. 0.096 C.D.0.073
afternoon
and
evening SE(m) 0.07 SE(m) 0.027 SE(m) 0.043 SE(m) 0.031 SE(m) 0.032 SE(m) 0.024
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4.1.7 Effect of pollen substitute diet on pollen forager

Before feeding with pollen substitute to different colonies the foraging activity
was almost same with a mean number of 3.39 and after 1st feeding the pollen forager
ranged between 2.83 to 6.36 (Table7 and Fig. 7). The minimum foraging range (2.83)
was observed in control plot while maximum foraging range (6.36) was observed in

corbicular pollen fed treatment which is at par with PAU diet.

After 2nd feeding the pollen forager was observed with a mean number of 4.52.
The pollen forager ranged between 3.06 to 6.28. The minimum pollen forager (3.06) was
observed in control plot, where as maximum pollen forager (6.28) was observed in CPF
followed by PAU diet, YSPUHF diet, OUAT diet and GBPUAT diet.

After 3rd feeding the pollen forager was observed with a mean number of 4.86.
It ranged between 3.00 to 6.89. The minimum pollen forager (3.00) was observed in
control plot while maximum pollen forager (6.89) was observed in corbicular pollen fed

treatment which is significantly par with PAU diet.

After 4th feeding the mean of pollen forager/5min was 5.25. with a range of 3.86
to 6.92. The minimum pollen forager (3.86) was observed in control plot and maximum
pollen forager (6.92) was observed in corbicular pollen fed treatment which is
significantly at par with PAU diet.

With regards to overall pollen forager observations it was revealed that a mean
of 4.72 it ranges between 3.19 to 6.61. The minimum pollen forager (3.19) was observed
in control plot while maximum pollen forager (6.61) was observed in corbicular pollen
fed treatment followed by PAU diet, OUAT diet, GBPUAT diet and YSPUHF diet.

With regards to timing of pollen forager before feeding it was observed that
maximum pollen forager was at morning (8-9) hour with a mean number of 4.38
followed by evening (15-16) hour with a mean number of 3.46 and afternoon hour (11-
12) hour with a mean number of 2.33 (Table 7 and Fig. 7).

After 1st feeding it was reported that maximum pollen forager was observed in
morning (8-9) hour with a mean number of 5.06 followed by evening (15-16) hour with

a mean number of 4.57 and afternoon (11-12) hour with a mean number of 3.11.

34



After 2nd feeding maximum pollen forager was observed in evening (15-16)
hour with a mean number of 5.15 followed by morning (8-9) hour with a mean number

of 4.64 and afternoon (11-12) hour with a mean number of 3.63.

After 3rd and 4th feeding the pollen forager was maximum in morning (8-9)
hour with a mean number of 5.81 and 6.39 followed by evening (15-16) hour with a
mean number of 4.65 and 5.89 and afternoon (11-12) hour with a mean number of 4.13

and 3.47 respectively.

Further it is observed that in all the treatments the pollen forager increases after and it

continued up to 4th feeding.

Pollen Forager per 5mins(no.) at differnt hours

7

6

5

4 I

3 __ ®EMorning
2 m Afternoon
1 Evening

0

Fig. 7 Effect of pollen substitute diet on foraging activities of Pollen forager in
different hours
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Table: 7 Effect of pollen substitute diet on foraging activities of pollen Forager of Apis cerana indica after different days of feeding

during 2020

Treatment

Pollen Forager per 5mins(no.)

Day before 1* feeding After 1* feeding After 2" feeding | After 3" feeding After 4" feeding Overall
11- | 15- | o8- | 11- 08- | 11- | 15- | 08- | 11- | 15- | 08- | 11- 08-
99 112 |16 | 09 | 12 [ 00 | 12 | 16 |09 | 12 | 16 | 09 | 12 | 10| gg | | 1010
hr hr hr hr hr hr hr hr hr hr hr hr hr
3.25 4.50 4.92 5.17 5.03 4.90
(1.94) (2.24) (2.33) (2.38) (2.35) (2.32)
T1 450]225]300| 6.33] 258 | 458|542[3.42]6.33|6.17]4.83]450|6.42[3.00] 567]6.08] 346] 527
3.25 3.97 4.08 4.39 5.19 4.41
(1.94) (2.11) (2.14) (2.21) (2.39) (2.22)
T2 400 225[350| 483] 283| 4.25|4.25[367]4.25|4.92|3.25|5.00|6.08|3.75| 575|502| 338| 481
3.33 4.11 4.39 4.19 4.92 4.40
(1.96) (2.15) (2.21) (2.17) (2.33) (2.21)
T3 425]225|350| 433] 342 458|4.33[3.67]483|450[367]442|617[325[ 533|483] 350 479
3.50 6.36 6.28 6.89 6.92 6.61
(2.00) (2.62) (2.60) (2.72) (2.72) (2.67)
T4 450[225]375| 717] 500 6.92]6.17[550]6.83|8.25]6.25]6.17|8.17[5.08| 750| 744| 546] 6.85
3.58 3.69 4.39 5.53 5.58 4.80
(2.02) (2.05) (2.21) (2.46) (2.47) (2.30)
T5 450]250]375| 442 258 | 4.08|4.17[3.42]5.08|6.75]5.17[4.67|7.00]342| 6.33]558| 365| 5.04
3.42 2.83 3.06 3.00 3.86 3.19
(1.98) (1.83) (1.89) (1.87) (2.09) (1.92)
T6 450|250[325| 325] 225| 3.00|350[208]358|4.25|158]3.17|450233] 475|388| 206| 3.63
4.72
Mean 3.39 4.25 4.52 4.86 5.25
Mean of 438]233|346] 506] 3.11| 457 |4.64[3.63]515|581[4.13]4.65|6.39[347| 589|547[ 358 507
morning, C.D.N/A C.D.0.085
afternoon C.D.0.132 C.D.0.118 C.D.0.148 C.D. 0.152
evzrr‘\?ng SE(m) 0.032 SE(m) 0.043 SE(m) 0.039 SE(m) 0.049 SE(m) 0.054 SE(m)0.028
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Forager per 5mins(no.)
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Fig. 8 Effect of pollen substitute diet on foraging activities of Nectar forager and
Pollen forager of Apis cerana indica after different days of feeding during 2020

4.1.8 Assesment of economics of pollen substitute diet

The effect of pollen substitute diet on honey yield and the cost involved thereof
in both the parameters revealed (Table 8) that the diet supplied is cost effective as there
is better return obtained through honey production. Barring the cost of feeding of only
sugar solution (1:1) (four times during experimental period) as a general management
practice was the least (Rs 32/hive) so also the honey vyield in the treatment as the cost of
produce being Rs 400/ hive. In the contrary, substitution of diet except in the diet
developed by YSPUHF diet all other diets enhanced the honey vyield there by giving
higher return. The highest return was obtained by providing PAU developed diet (Rs
800/hive) with involvement of Rs 60/- towards cost of diet/ colony fed four times.
Natural colony substitute although gave same return but the cost of diet i.e natural pollen
was very high (Rs 320/box) which is more than five times than the cost of PAU diet.
The effect of diet developed in OUAT was moderate i.e there was return of Rs 600/box

from the produce investing only Rs 54/- for four feedings.
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Table No-8: The cost of pollen substitute diet and the cost of honey produced by
feeding the pollen substitutes

Cost of diet Cost of
(4 Honey
FEEDINGS) | Honey yield/hive (one harvest) | produced/hive

Treatments (Rs) (Kg) (Rs)
T1- PAU diet 60 2.0 800
T2- GBPUAT diet 52 15 600
T3- YSPUHF diet 35 1.0 400
T4- Natural pollen 320 2.0 800
T5- OUAT diet 54 15 600
T6- Sugar feeding only 32 1.0 400
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DISCUSSION

The studies on impact of some pollen substitute diet on colony performance
(brood area, honey area, pollen store area, bee strength), foraging activity and
economics of Apis cerana indica Fab have been conducted during 2020 and 2021 at
apiary of the AICRP on honeybees and pollinators, Odisha University of Agriculture
and Technology, Bhubaneswar. From various investigations presented in previous

chapter have been discussed thoroughly in this chapter.
5.1.1 Effect of pollen substitute diet on brood area

Before provision of pollen substitute diet bee colonies with approximate
uniform brood area were installed. The average brood area of the different treatments
were approximately 300 cm? . Twenty one days after first feeding of different pollen
substitute it was observed that there is no increase in mean brood area (297.5 cm?). But
in each treatment the brood area increases after first feeding except in control treatment
where there is decrease in brood area (194.25 cm?). This is perhaps due to low natural
pollen available in nature. But after second feeding onward there was increase in brood
area in each treatments including control treatments. The mean brood area also
gradually increased (334.20 cm? to 419.20 cm?) up to 4" feeding. After 4™ feeding it
was observed that maximum brood area (502.50 cm?) was observed in corbicular pollen
feeding (T4) which was significantly higher than any other treatments and it was
followed by PAU diet, T1, (466.22 cm?) treatment. In overall treatments also similar
trend was observed that maximum brood area (403.44 cm?) observed in corbicular
pollen consumption treatment which was at par with PAU diet (393.44 cm?). Ram C.
Sihag and Manisha Gupta (2013) observed that a colony's strength was directly
proportionate to the number of broods it produced, because strong colonies always
reared more broods. The strength of a colony was directly related to brood raising
according to Bhusal and Thapa (2011).The use of a pollen replacement boosts egg

laying (brood) and, as a result, colony development (Kumar and singh,2000).
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5. 1. 2 Effect of pollen substitute diet on Honey storage area

Before feeding of 50gm of pollen substitute there was approximate uniform
honey area i.e. 91.08 cm? in each colony. 21 days after 1% feeding the average honey
area was decreased to 87.67 cm? , but after 2" feeding onwards the honey area
gradually increased from 104.63 cm? to 124.48 cm? till 4" feeding. Further it was
observed that the honey area gradually increased in corbicular pollen fed colonies (T4),
followed by PAU diet fed colonies (T1) and OUAT diet fed colonies ( T5), even after
1% feeding. But in other treatments ( GBPUAT, YSPUHF and control diet) after 1%
feeding the honey area decreased but after 2™ feeding onwards there was increase in
honey area in all the treatments. The decreases in honey area after 1* feeding was due

to low forager in nature as it was rainy season.

In overall it was observed that maximum honey area (142.19 cm?) recorded in
corbicular pollen fed treatment (T4) which was at par(122.48cm2) with PAU diet (T1).
Kumar and Singh (2000), Bhusal and Thapa (2011), and Patruica and Hutu (2012) all

made similar observations .
5. 1. 3 Effect of pollen substitute diet on pollen storage area

Before feeding of artificial pollen to different colonies the average pollen store

area was approximately uniform with a mean of 11.45cm? .

The average mean pollen store area gradually increased after 1% feeding (12.04
cm?) to 3" feeding (13.08 cm?) then the average pollen store area was decreased (9.95
cm?) after 4™ feeding. However after 4™ feeding the pollen store area was maximum
(17.50 cm?) in fresh corbicular pollen area which was significantly higher than even
PAU diet, T1, (12.75 cm?). It indicated that the natural pollen were highly preferred by

the bees.

As regards to overall pollen area it was recorded that maximum pollen store
area (16.50 cm?) in cobicular pollen fed treatment (T4) which was significantly higher
(13.75 cm?) than PAU diet, T1. Very low pollen area (8.19 cm?) was observed in
control treatment (T6). It indicated that in nature less pollen was available during the

period of observation.

40



Also, a low quantity of pollen was observed in December, which could be
attributable to limited egg laying due to the cold (Fathyet al.2018 and Bisth et al.1983)

5. 1. 4 Effect of pollen substitute diet on bee strength

Before artificial pollen feeding to different colonies there was uniform bee
strength (3 to 4 nos) in different colonies with mean of 3.29 . Though after 1% pollen
substitute feeding the mean bee strength was slightly reduced (3.25) but it gradually
increased after 2™ feeding (4.08) and 3" feeding (7.57) and it again decreased after 4™
feeding (5.46). But in corbicular pollen feeding treatment (T4) there was a gradual
increase in bee strength after 1% feeding (4.52) and it went on increasing (7.00) even
after 4™ feeding. Similar trend was also observed in PAU diet( T1). When it was
observed in overall it was revealed that maximum bee strength (5.75) was observed in
corbicular pollen fed treatment (T4) which was significantly higher(4.63) than the bee
strength of PAU diet,( T1), Andelkovic et al. (2011) observed that the greatest rise in
the number of bee frames when bees were fed with pollen substitute. Tomar and Singh
(2014) found that bee colonies without pollen substitute had very low bee strength (1

and 1.2 number of frames).
5.1.5 Effect of pollen substitute diet consumption —

The different pollen substitute diet and sugar solution(1:1)was fed to each
experimental hive and twenty one days after 1% feeding it was observed that on an
average 12gm of pollen substitute diet was consumed per colony. Maximum pollen
substitute diet was consumed in natural corbicular pollen treatment (T4) i.e. 14.79gm
which was followed by PAU diet (T1) i,e 12.51gm . It was observed that after 21 days
of second feeding the mean consumption was reduced to 9.8gm .But from 3" feeding
onwards there was increase in pollen substitute diet in each treatments. It continued up
to 4™ feeding where the mean consumption was 17.3gms per colony. The maximum
pollen substitute consumption was 20.89gm in natural pollen diet followed by PAU diet
(15.57gm). In overall same trend was observed and maximum consumption of natural
corbicular pollen diet (15.69gm) followed by PAU diet (13.28gm). It was further
concluded that 31.4% natural corbicular pollen was consumed followed by 26.6% in
PAU diet, 25.1% in GBPAUT , 25% in OUAT diet and 24.2% in YSPUHF diet.
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Nabors (2000) reported that consumption of pollen substitute diet decreased as
pollen became available in nature As per Free and williams (1971) the provision of
pollen substitute diet inside the bee colonies reduce the bees instinct for pollen
collection from the fields and bees returned to the hive with lighter load., Ram C. Sihag
and Manisha Gupta (2013) observed that strength of a colony was directly proportional

to the brood rearing since strong colonies always reared more broods in the colony.
5. 2. 1 Effect of pollen substitute diet on foraging activity of nectar forager

Before feeding of pollen substitute to different colonies the mean nectar forager
was almost similar and the mean was 3.61 per 5 minutes. It was also observed that

maximum forager was in morning followed by evening hours (3.79 to 3.83) .

After feeding of pollen substitute diet the mean nectar forager number went on
increasing and even continue up to 4™ feeding (4.22 to 6.42). But after 1 feeding
onwards the nectar foragers increased in morning hour than noon and afternoon hour.
When the overall treatments were observed it was found that the maximum nectar
forager (7.09) was in corbicular pollen fed treatment (T4) which was significantly
higher (6.44) than PAU diet T1. Similarly the maximum nectar forager was observed in
morning hour (6.58) followed by in afternoon hour (5.36). Also it was observed that
after feeding of pollen substitute diet there was increasing of nectar forager in all

treatments up to 4™ feeding.

The commencement of flight was delayed after the summer, and bees also
stopped feeding earlier in the rainy, autumn, and winter seasons, ( Cherian et al., 1947
and Subbareddy et al., 1980.)

5. 2. 2 Effect of pollen substitute diet on foraging activity of pollen forager

Before feeding of pollen substitute the pollen forager count was almost uniform
and the mean was 3.39. It was indicated that after feeding of pollen substitute the mean
forager was gradually increased and it continued up to 4™ feeding (4.25 to 5.25).
Further it was observed that in all the treatments except the control treatment there was
increase in pollen forager number. It indicated that there was no sufficient natural
pollen, so by providing the pollen substitute the number of pollen forager increased in
number. Further in overall it was found that maximum forager (6.61) recorded in

corbicular pollen fed colonies (T4) which is significantly higher (4.96) than PAU diet
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(T1). Minimum pollen forager (3.19) was recorded in only sugar solution diet
treatments (T6). Further it was observed that maximum pollen forager was recorded in
morning hours in all the dates recorded followed by evening hours and noon hours. It
was also reported that in all the period of observation the pollen forager was maximum
in morning hours. In overall it was observed that maximum pollen forager in morning
hours (5.47) followed by evening hours (5.07) and noon hours (3.58). Similar trend was
observed in all the treatments i.e. maximum in morning hour followed by evening and
noon hour. Mattu and verma (1985) reported that in the rainy season, because of
continuous monsoon and foggy weather, the percentage of bees leaving the hive was
low, whereas, in the winter, foraging activity may be at its lowest due to scarcity bee

flora and low ambient temperature.
5. 3. Assessment of economics of pollen substitute diet:

Feeding with different pollen substitute enhanced all the yield attributing traits
resulting in higher honey production thereby giving a return of Rs 600-800/- per hive
excepting in the diet developed by YSPUHF diet. From the cost point of view PAU diet
was more remunerative followed by the diet developed by OUAT which may be
recommended for use by the beekeeper. The present finding is supported by the author
Doull, 1975b, Ram C. Sihag and Manisha Gupta, 2013
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SUMMARY AND CONCLUSION

Field experiment on the Impact of some pollen substitute diet on colony
performance, foraging activity and economics of Indian hive bee, Apis cerana indica
Fab in Odisha have been under taken during 2020 at AICRP on Honeybees and
Pollinators, College of Agriculture, OUAT, Bhubaneswar.

Twenty four colony were selected and was laid in RBD with six treatments and
four replication. Twenty colonies were fed with 50gm of different pollen substitute
diets prepared as per specification collected from different Agricultural university
AICRP Centres (PAU diet, YSPUHF diet, GBPUT diet, OUAT diet and one natural
pollen) and four colonies were fed with 50% sugar solution (1:1) as control treatment.
The pollen substitute diet and sugar solution was given four times at an interval of 21

days.

The consumption of different pollen substitute diet was weighed after 2" 7%
and 10™ day of application and colony performance(brood area, pollen area, nectar
store area and bee strength)was observed at 21days interval. The foraging activities
(nectar forager and pollen forager bees per 5mins) were recorded at weekly interval
after each feeding. The economics of pollen substitute diet was calculated after

completion of the experiment.

Studies on the effect of pollen substitute diet indicated that the brood area went
on increasing up to the 4" feeding in each treatment except the control treatment where
the brood area remain same after 1% feeding but it increased later i.e., after 2" feeding
and continue up to 4" feeding. It was found that maximum brood area(403.44 cm?) was
observed in corbicular pollen fed colonies(T4) which was at par (393.44cm?) in
colonies fed with PAU diet (T1).The minimum brood area (329.52cm?) was observed

in control treatment(T6).

The effect of Pollen substitute diet on honey store area revealed that the honey
store area increased after 1% feeding and it continued up to 4™ feeding in corbicular
pollen feeding (T4), PAU pollen substitute (T1) and OUAT pollen substitute(T5) where
as in control treatments it was first decreased(52.25cm?) then it gradually increased
Maximum honey store area(142.19) was recorded in corbicular pollen fed treatments

which is significantly higher than any other treatments. Among other treatments the
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PAU substitute was second (122.83cm?) where as it was minimum (98.25cm?) in

control treatment.

As regards the pollen store area it was observed that there was an increase in
pollen store area after 1% feeding of pollen substitute diet in all the treatments except
YSPUHF diet( T2), GBPUT diet (T3) and control plot(72.75cm?, 52.25 cm?and 79cm?)
where as it increased in all the treatments after 2™ feeding of pollen substitute diet . The
maximum pollen substitute diet was recoded in corbicular pollen feed colony(16.50

cm?) and minimum pollen store area (8.19 cm?) was recorded in control plot.

When considering the bee strength it was observed that bee strength increases
after 1% feeding and continues up to 4™ feeding in all treatments except the control plot
where after 1% feeding it was decreased but then went on increasing up to 4™ feeding. It
was observed that maximum bee strength (5.75) in corbicular pollen substitute diet and

minimum bee strength (3.13) was recorded in control treatments.

When the consumption of different pollen substitute diet was tested it was
observed that a range of 12.11 gm to 15.69 gm of pollen substitute was consumed per
colony by each treatment. Further it was concluded that maximum of 31.4 % pollen
substitute of natural corbicular pollen was consumed followed by PAU diet (26.6 %),
GBPUAT diet (25.1%), OUAT diet (25.0%) and YSPUHF diet (24.2 %).

When the activity of incoming nectar forager observed it was observed that
number of nectar forager went on increasing from (3.61 to 6.42) 1% to 4" pollen
substitute feeding. The maximum nectar forager member (7.09) was recorded in
corbicular pollen substitute diet and minimum (4.45) was recorded in control treatment.
As regards time of nectar forager it was revealed that maximum pollen forager (6.58)

was recorded in morning hour followed by evening hour(5.38) and noon hour(4.55)

Observation on foraging activity of incoming pollen foragers went on increasing
in all the treatments from 1% feeding to 4™ feeding except in control where the pollen
forager activity was irregular. Maximum pollen forager (6.61) was recorded in
corbicular pollen feed colony and minimum (3.19) was observed in control treatment.
However, while observing the timing of pollen forager it was observed maximum
pollen forager (5.88) was recorded in morning hour followed by evening hour (3.63)
and noon hour (2.06).
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Study on the effect of pollen substitute diet on honey vyield indicated that
feeding with pollen substitute diet enhanced all the yield attributing traits resulting in
higher honey production and giving a return of Rupees 600 to 800 excepting in the diet
of YSPUHF. Though maximum return obtained from both corbicular feeding and PAU
diet but from cost point of view the PAU diet was more remunerative followed by
OUAT diet. . The low honey yield was received as it was harvested at the end of the

experiment in December which was cold month unsuitable for bees.

Thus it was concluded that maximum colony performance attribute and foraging
activity is obtained if the pollen substitute diet is fed to the colony in dearth period.
Therefore profitability can be achieved by providing pollen substitute diet particularly

in rainy season.

46



REFERENCES

Abou-Shaara HF, Al-Ghamdi AA and Mohamed AA. 2013. Honey bee colonies
performance enhance by newly modified beehives, Journal of Apicultural
Science, 57(2): 45-47.

Alghamdi, AA. 2020. The effect of pollen supplementary feeding on some activities of
honey bee colonies during summer season in Riyadh, Saudi Arabia, Saudi
Journal of biological Science, 9(2):85-94.

Amdam GV, Rueppell O, Fondrk MK, Page RE and Nelson CM. 2009. The nurse’s
load: early-life exposure to brood rearing affects behaviour and lifespan in honey
bees (Apismellifera). Experimental Gerontology, 44(0):467-471.

Andelkovic B, Jevtic G, Mladenovic M, Petrovic M and Vasik T. 2011. Influence of
spring feed on the strength of honey bee colonies during spring development,
Biotechnology In Animal Husbandary, 27(4):1757-1760

Andi, MA and Ahmadi A. 2014. Influence of vitamin C in sugar syrup on brood area,
colony population, body weight and protein in honey bees International Journal
of Biosciences, 4(6):32-36.

Augustijin, CH. 1994. The influence of feeding sugar syrup on the flight activity and
mortality rate of honey bees. Proceedings of the Section Experimental and
Applied Entomology of the Netherlands Entomological Society, 5:194-202.

Bailey, L. 1966. The effect of acid hydrolysed sucrose on honeybees, journal of
apicultural research, 5(3):127:136.

Bhusal SJ and Thapa RB.2006. Response of colony strength to honey production:
regression and correlation analysis, Journal of the Institute of Agriculture and
Animal Science, 27:133-137.

Bisht DS and Pant NC. 1968, Studies on pollen gathering activity of Indian honey bee,
Apisindica F. under Delhi condition, Indian Journal of Entomology, 30(2):163-
168.

Bisht DS, Naim M, and Mehrota KN. 1983. Studies on role of honey bees in rape seed
production, Proceedings of the second international conference apiculture
tropical climate, NewDelhi, 491-496.

Brar HS, Gatoria GS and chahal BS. 1989. Bee flora of Punjab, Its calendar of
availability and relative utility to honey bees, indian journal of ecology,
16(2):159-163

Chaand D, Sharma D, Ganai SA, Norboo T and Sharma S.2017. Effect of colony
strength on colony build up and foraging activity of ApismelliferalL, Journal of
Entomology and Zoology Studies, 5(6):1369-1373.

Chaudhary OP. 2000. Performance and prospects of Apis mellifera L. in south western
Haryana. Haryana Agricultural University Journal of Research, 30(3-4):89-97.



Cherian MS, Ramachandran S and Mahadevan V. 1947. Studies on the bee behaviour;
Indian Bee Journal, 9:116-124.

Chunneja PK. 1991. Studies on pollen substitute for the brood rearing of Apis Mellifera
L, Ph.D Thesis, Punjab Agriculture University Ludhiana, pp241.

Danka RG and Beaman DL. 2009. A note on flight activity of 4-1b Australian package
bee colonies used for almond pollination, Science of Bee Culture, 2:137.

Doull KM. 1974. Effects of attractants and phagostimulants in pollen and pollen
supplement on the feeding behaviour of honeybees in the hive, Journal of
Apicultural Research, 13(1) : 47-54.

El-Banby MA, Kandil A, Abou-Sehly G, EI-Sherif ME and Abdel-Wahed K.1989.
Heating effect of floral honey and honey from sugar-fed bees on surgical wounds,
Animal model. (Proc. 4™ Int. Conf. Apic. Trop. Climates, Cairo, 46-49).

El-sherif ME, Ghazala NE, Youssef LA, Sayed SS. 2017. Effect of Feeding some Diets
as a pollen Grains Supplements during Spring Season on Some Activities of
Honey Bee Colonies, Egyptian Academic Journal of Biological Science,
10(7):181-193.

Ewies MA and Ali M. 1976. The consumption and preference of honey substitutes
(sucrose, glucose, invertsugar, molasses sugar) by the honey bee Apimellifera,
Bulletin of Faculty of Agriculture University of Cairo (Egypt), 21(1) : 237-251.

Fathy HM, Hassan AR, SrageElden FS and Abd-Allaha DFM. 2018. Effect of Different
Sugary Feeding on Pollen Gathering Activity of Honey Bee (ApismelliferalL.),
Jornal of Plant Protection and Pathology, Mansoura University, 9 (10) : 655-
658.

Fathy, HM 1998. Seasonal variations in brood rearing activity and stored pollen
according to colony strength. Journal of Agricultural Science. Mansoura
University, 23:6231-6237.

Fernandez PC and Farina WM. 2005. Collective nectar foraging at low reward
conditions in honeybees Apismellifera, Apidologie, 36(3): 301-311.

Free JB and Preece DA. 1969. The effect of the size of a honeybee colony on its
foraging activity, InsectesSociaux, 16:73-78.

Free JB and spencer-booth. 1961. The effect of feeding sugar syrup to honey bee
colonies, Journal of Agricultural Science, 64(2) : 167-168.

Free JB, Ferguson AW and Simpkins JR. 1985. Influence of virgin queen honeybees
(Apismellifera) on queen rearing and foraging, Physiological Entomology,
10(3):271-274.

Fulop A, Menzel R. 2000. Risk-indifferent foraging behaviour in honeybees, Animal
Behaviour60(5) : 657-666.



Gemeda TK, Li J, Luo S, Yang H, Jin T, Huang J and Wu J.2018. Pollen trapping and
sugar syrup feeding of honey bee (Hymenoptera: Apidae) enhance pollen
collection of less preferred flowers. Plos One 13(9):e0203648.

Girling RD, Lusebrink 1, Farthing E, Newman TA and Poppy GM, 2013. Diesel
exhaust rapidly degrades floral odours used by honeybees, Scientific
Reports,3,2779.

Goodwin R M, Houten A, Ten perry JH. 1991. Feeding sugar syrup to honey bee
colonies to imprve kiwi fruit pollen collection: a review in the sixth international
symposium on pollination. Tilburg Netherlands 27-31 august, 1990 (apicultural
abstract1317/91)

Goodwin R M.1997. Feeding sugar syrup to honey bee colonies to improve pollination.
a review. Bee World, 78(2):56-62.

Gurung MB. 2005. Improving the cash income of poor mountain households through
Apis beekeeping: An experience from Nepal, ICIMOD Newsletter, International
Centre for International Mountain Development, Khumaltar, Nepal.No. 48 pp.18.

Harbo JR.1986. Effect of population Size on brood production, worker survival and
honey gain in colonies of honeybees. Journal of Apicultural Research, 25: 22-29.

Hemalatha D, Jayaraj J, Murugan M, Balamohan TN, Senthil N, Chinniah C and
Suresh K. 2018. Foraging performance of Indian honey bee Apis cerana indica F.
during winter in Madurai district of Tamil Nadu, India Journal of Entomology
and Zoology Studies, 6(3): 224-227.

Herbert Jr EW, and Shimanuki H. 1979. Brood rearing and honey production by
colonies of free flying honeybees fed wheast and whey-yeast or sugar syrup,
American Bee Journal, 119 : 833-836.

Hussein MH.1979. Brood rearing activity and honey productivity of honey bee colonies
in relation to feeding with vitamin “c” international bee symposium., iiiarab
pesticide conf.,tanda university, 5-15.

Ibrahim SH. 1973. Effect of feeding on pollen collection of honey bee colonies
(hymenoptera: apidae) Bulletin-de-la-societe-entomologique-d egypte, 57:227-
230.

Imdorf A, wille H, and Buhlmann G. 1983. Colony management after harvesting (the
honey crop) is stimulative feeding profitable in late summer?,
Schweizerishebienen-zeitung, 106(7): 402: 416.

Jyothi, JVA. 1994. Visitation Frequency and abundance of Apisc erana indica F. on
mango (Magiferaindica L.) at Bangalore, India. Indian Bee Journal, 56(1/2): 35-
36.

Kammerer FX.1994. Present position of knowledge on the sugar feeding of bees,
DeutschesBienen Journal, 2(1):18-20.



Karacaoglu M, Goncer HV and koc AU. 2003. Effect of supplemental feeding on brood
production and honey vyield of honey bee (Apismellifera L) colonies in the
Aegean region, HyvansalUretim Journal of Animal Production, 44(2):47:54.

Khadka, P. 1999. Cost Benefit Analysis of Improved Beekeeping in Lalitpur, Nepal. A
Dissertation, Master Degree in Economic, Tribuvan University, Kirtipur, Nepal

Khorvash M, EBADI R, and Esmaili M. 1994. A study on different kinds of naturals
and synthetic sugars in nutrition of honey bee (Apismellifera L) and the possible
substitution of refind sugar by them, Apiacta, 29(1):20-25.

Kishan TM and Srinivas MR. 2016. Standardizing pollen substitute for indian honey
bee Apis cerana indica F, International Journal of Agriculture Sciences,
8(53):2803-2807.

Koetz, A. 2013. The Asian honey bee (Apiscerana) and its strains — With special focus
on Apiscerana Java genotype Literature review Queensland : Department of
Agriculture, Fisheries and Forestry.

Kumar R and wakode MT. 1997. A note on the brood rearing activity of Apis cerana
indica F at pune, india, Indian bee Journal, 59(3) : 163:164.

Kumar R, Rajput GS, Mishra RC and Agarwal OP. 2013. A study on assessment of
duration of dearth period for honey bees in Haryana, India, Munis Entomology
and Zoology, 8 (1) : 434-437.

Kumar Y and Singh M. 2000. Effect of colony strength and stimulant sugar — feeding
on Apis mellifera. In: M. Matsuka, L.R. Verma, S. Wongsiri, K. K. Shrestha and
U. Pratap (eds.) Asian Bees and Beekeeping : Progress of Research and
Development. Proceedings of Fourth Asian Apicultural Association International
Conference, Kathamandu, 23-28 March 1998. Oxford and IBH Publishing Co.,
Pvt. Ltd., New Delhi, India. pp. 102-103.

Kumar, S. 2012. Bee-keepiing-An ideal option for prosperity, Indian Farming, 63(3):
29-33.

Mahmood R, Wagchoure ES and Sarwar G. 2013. Influence of supplemental diets on
Apis mellifera L. colonies for honey production, Pakistan Journal of Agricultural
Research, 28(1): 29-34.

Maskey, M. 1989. Mountain women and beekeeping in Nepal, In : L. R. Verma, (ed.)
Beekeeping in Hindu Kush-Himalayan Region, ICIMOD, Kathmandu, Nepal,
Oxford and IBH Publishing Co., Ltd. New Delhi, India, 122-229.

Mattu VK, VermaLR. 1985. Studies on the annual foraging cycle of Apis cerana indica
F. in simla hills of north west Himalayas, Apidologie,16 (1): 1-18.

Mishima S, Miyata T, Suzuki KM, Araki Y, Akao Y, and Isohama Y. 2005. Estrogenic
effects of royal jelly, Journal of Traditional and Complementary Medicine, 22 (1)
: 171-175.



Musa FHE, Abdalla M and El-sarang MSA. 1988. Studies on freeding colonies of
honey bees in sudan. In proceedings of IV international conference apicultural
tropical climate, cairo, Egypt, 27-28.

Nelson DL, Jay SC, 1972. Estimating numbers of adult honeybees on Langstroth
frames. Manitoba Entomology, 6: 5-8.

Neukrish A. 1982. Dependence of the life span of honey bee (Apismellifera) upon flight
performance and energy consumption, Journal of Comparative Physiology. 146 :
35-40.

Neupane KR and Thapa RB. 2005. Alternative to off-season sugar supplement feeding
of honeybees, Journal of the institute of Agriculture and Animal Science, 26 : 77-
81.

Oh HW and Choi SY, 1986. Diurnal activity of honey bees (Apismellifera) at the hive
entrance, Korean Journal of Apiculture, 1(2) : 85-90.

Pande R, karnatak AK and Pande N. 2015. Development of nectar supplement for
dearth period management of honeybees (ApismelliferaL) colonies in foothills of
shivalik rango of Himalayas, The Bioscan, 10(4), 1599-1603.

Pankiw, T. 2005. The honey bee foraging behaviour syndrome: quantifying the
response threshold model of division of labor, Proceedings of Swarm Intelligence
Sysposium, 8-10 June, 1-6.

Patruica S, Hutu 1. 2013. Economic Benefits of using prebiotic and probiotic products
as supplements in stimulation feeds administered to bee colonies, Turkish Journal
of Veterinary and Animal Sciences, 37 : 259-263.

Peng YS, Marston JM and kaftanouglu O. 1984. Effect of supplemental feeding of
honey bee (hymenoptera : apidae) populations and the economic value of
supplemental feeding for production of package bees, Journal of Economic
Entomology, 77 (3) : 632-636.

Pesante DJ, RindererTE, Collins AM, Boykin DL and Buco SM. 1992 Honey
Production in Venezuela : effects of feeding sugar syrup on colony weight gains
by africanized and europian colonies, Apidologie, 23(6) : 545-552.

Pidek A. 1986. The effectiveness of feeding larger quantities of sugar syrup to
honeybee colonies kept in the pallet system, bezczelnicze-zeszyty-naukowe, 30 :
149-164.

Pradeepa SD, Bhat NS and Muthhuraju GP. 2014. Effect of deliberate disturbance to
bee colony on Colony Performance Index (CPI) and management of absconding
in Apis cerana indicaFabricius, Curent Biotica, 8(1) : 21-35.

Pramod M and suresh R. 2010. Impact of bee strengths and sugar feedings on fecundity
of Apismellifera L, Indian Journal of Entomology, 72(4): 301-306.

Radloff SE, Hepburn C, Hepbrun HR, Fuchs S, Hadisoesilo S, Tan K, Engel MS and
Kuznetsov V. 2010. Population structure and classification of Apiscerana,
Apidologie, 41(6): 589-601.



Raj J, Nandakishore TG, GopalagowdaHS, Veeresh GD, Shaanke RU and Ganeshaiah
KN. 1993. Influence of fermented cane juice syrup on activities of the honey bee
(Apis cerana indnica) in proceedings pollination in tropics, August 8-13,
Bangalore, India, 246-247.

Raj J, Basavanna GPC. 1980. Influence of brood on the attraction and mobility of
worker honey bees (Apis cerana Fabricius), Mysore journal of agriculutural
science, 124(2) : 224-226.

Rashid MH., Taj HFEL, Chowdhury NI, Bepary NC and Chuleui J. 2018. Supplement
Feeding to Honeybee Colony for Field Crop Pollination; Pumpkin and Honey
Production in Sandbar Cropping System, Journal of Apiculture, 33(1) : 25-32.

Reddy CC. 1980. Foraging index of Indian honeybees, Apis cerana indica F. Second
International Conference of Apiculture, IARI, New Delhi, India, pp. 595.

Reyes-Carrillo JL, Eischen FA, Cano-Rios P, Rodriguez Martinez R and Camberos
UN, 2007. Pollen collection and honey bee forage distribution in Cantaloupe,
ActaZoological Mexicana, 28: 29-36.

Ram C. Sihag & Manisha Gupta, 2013. Testing the Effects of some Pollen Substitute
Diets-An Addendum to Sihag and Gupta (2013). Journal of Entomology 11:109-
110.

Sahinler NA, Sahinand Kaya S.2003. The effect of supplementary feeding on honeybee
(Apismellifera) colony performance. Final Program and Abstracts, 38"
Apimondia, Apic. Cong., Slovenia, August 24-29, PP. 158.

Sammataro D and Weiss M. 2013. Comparison of productivity of colonies of honey
bee, Apis mellifera, supplemented with sucrose or high fructose cornsyrup.
Journal of Insect Science, 13(19) : 1-3.

Seeley TD. 1985. Honey Bee Ecology. Princeton: Princeton University Press.

Shah FA and Shah TA. 1989. Comparative foraging behaviour of Apis cerana and Apis
mellifera L. during isodonregosus (wall) codded bloom in Kashmir valley, Indian
Bee Journal, 51(4) : 138-139.

Shruthi SD, Ramachandra YL and Ganapathy PSS. 2009. Studies on behavioural traits
oftwo different strains of Indian honey bee Apis indica F, Journal of World
Applied Sciences, 7(6) : 797-801.

Silva ECADA and Silva RMBDA. 1985, Stimulative Feeding on honey bees combine d
with a protein supplement and it’s effect on honey production. Industrial Animal.
42:255-263.

Simone-Finstrom M, Gardner J and Spivak M. 2010. Tactile learning in resin foraging
honeybees. Behavioural Ecology and Sociobiology, 64(10): 1609-1617.

Somerville D. 2000. Honey bee nutrition and supplementary feeding. AGNOTE, NSW
Agriculture, DAI/178:1-8.

Standifer LN, Waller GD, Levin DM, Haydak MH, and Mills JP. 1970. Effect of
supplementary feeding and hive insulation on brood production and flight activity
in honey bee colonies. American Bee Journal, 110(6) : 224-225.

Vi



Subbareddy C, Reddi EUB and Reddi NS. 1980. Floral reward and honey bee visitation
rates in the soapnut tree. Proceedings of 2™ International Conference on
Apiculture in Tropical Climate, New Delhi, India. pp 600-608.

Suwannapong G. 2000. Ultrastructure and Pheromones of the Mandibular Glands of
Honey be Foragers in Thailand, Ph.D. Thesis, Chulalongkorn University, pp. 177.

Szabo Tl and Lefkovitch LP. 1989. Effect of brood production and population size on
honey production of honey bee colonies in Alberta, Canada, Apidologie, 20(2) :
157-163.

Thakur AK, Sharma OP, Grag R and Dogra GS. 1982. Comparative studies on foraging
behaviour of Apismellifera and Apis indica on mustard, Indian Bee Journal,
44(4): 91:92.

Thapa RB and Pokhrel S. 2005. Impact of supplement diets on flights of cross breed
honeybee Journal of the Institute of Agriculture and Animal Science, 26:71-76.

Tomar SPS and Singh YP. 2014. Effect of Sugar solution feeding as an artificial diet on
colonies of ApismelliferaL. In relation to survival and storage during Dearth
period, Journal of Entomology and Zoology Studies, 2(4)

Tsibulski PP.1975. Influence of queens and brood on the intensity of foraging by honey
bees, pp. 79.

Vanden JE and smeekens C. 1982. A comparision between the effect of invert sugars
and sucrose on the wintering of honey bee colonies, MaandschriftVoorBijenteelt,
84(10):243-245 (apicultural) abstract 254/84).

Verma, LR.1992. Beekeeping and pollination ecology of mountain crops. In : L.R.
Verma (ed.) Honeybees in Mountain Agriculture. Proceedings of International
Export Meeting on Beekeeping Development in the Hindu KushHimalayan
Region, Kathamandu, Nepal, 21-23 June 1989. Oxford and IBH Publishing Co.,
Pvt. Ltd., New Delhi, India. pp. 69-89.

Villumstad, E.1977. The influence of colony strength on brood rearing and
development of honey bee colonies, 56(22): 1-10.

Von Frisch, K. 1967. The dance language and orientation of bees, Harvard University
Press, Cambridge, Mass.

Winston, M. 1987 The biology of the honeybee: Harvard University Press

Woyke, J. 1976. Brood rearing efficiency and absconding the Indian honeybees,
Journal of Apicultural Research, 15(3/4) : 133-143.

Younis MS. 2019. Evaluation of Ten Supplemental Diets to Enhance Some Honey Bee
(Apis mellifera L.) Activities during Winter Season in Egypt. Egyptian Academic
Journal of Biological Sciences, 12(6): 101-109.

vii



