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Abstract

Importance of water for different activities of honeybee colonies was explored through conducting five trials . In the first one, the collected data showed that confinement bees without brood with supplying candy only resulted  in death of 34.00% within two days, in comparison to 20% for those workers supplied with honey, and 4.00% for those supplied with water . During the same period, no mortality was recorded for those bees provided with sugar syrup or candy with water or honey with water . 

On the other hand, confinement the bees with brood, in the second trial, greatly decreased the longevity of both bees and brood .

In the third trial, measurement the daily using rate of the water for the colonies located at different distances of the natural sources of the water and over different months of the year revealed that the colonies sited at 867m from the natural source used the largest quantity of the water, available in the hive, during April .

In the fourth trial, results indicated that bees of old established apiary could attracted to the new source of water at the apiary but in less level than new established apiary and more bees visited nushaded site of water than shaded ones . Results also revealed that among different solutions of water provided at the experimental apiaries, bees showed more preference to anise water than those water having salt or green alga .

In the fourth trial, provision the colonies with water inside their hives seem to have a real contribution in decreasing water-collecting bees, and increasing number of both nectar and pollen foragers bees which reflected positively on their brood and honey production.


INTRODUCTION

Water for any organism means the life, and for honeybee it is vital to the colony growth. Bees collect the water but rarely store it, therefore on hot days colonies may be stressed and suffer if deprived of water even for only a few hours. Under severe conditions, foraging bees will die by the hundreds to get this critically needed material (Mangum, 1998). It is interesting to note that a colony unable to collect water will die and appear to have been killed by an insecticide although none was used (Stanger, 1964). Honeybee workers to transport water to the hive when they should be collecting nectar expend much energy. In addition, bees face death either during collection of water (drowning), or during flight. Water gathered by honeybees is used primarily for diluting honey as larval food and for cooling and humidifying the hive interior (Gary et al, 1979).

Ironically, not all beekeepers realize the importance of water to their bees. They are depending foraging bees for searching and gathering water anywhere, regardless making a nuisance to people living near the apiary, or carrying a contaminated water. It is useful to mention that the county supervisors in California (USA) made an offence punishable by a fine of $ 25 (recently increased to $ 200) or 25 days in jail, or both, for a beekeeper who not provide water for his bees which had made a nuisance for others, when the nearest source of running water was more than ¼ mile a way (Johansson and Johansson, 1978).

Most beekeeping manuals devoted a limited space to the subject of water; so many questions are still need to be answered. Among these questions (a) how long adult bees and their developed stages can live without water?, (b) which type of food can compensate absence of water?, (c) what is the daily using rate of the honeybee colonies over the year?, (d) which type of water is successful lure to adapt bees to a new water source? (e) what is effect of provision of water inside or outside the hive on activity and productivity of bee colonies?. The present work tries to answer these questions.

MATERIAL AND METHODS 

Five trials were conducted within two successive years (2001 and 2002), using the first hybrid Carnelian honeybee (Apis mellifera carnica).

The first trial: Effect of water absence on life of life confined adult bees.

Eighteen groups of honeybee workers, fifty individuals each, were confined in wooden cages. The dimensions of these cages were measuring 15×15×5 cm. each, with one side wire and the opposite with glass sheet (Atallah, 1975). Each cage was provided with two plastic vials fixed through two top holes and small plastic plate (3×6 cm) on its bottom board. The plastic vials were used for supplying a solution food (honey, sugar syrup or water), while the plates were used to provide the candy.

The experimental cages were divided into six groups, three cages each. Each group was provided with one of the tested materials (candy, honey, sugar syrup, water, candy + water, and honey +water), and kept into an incubator at 330c . Dead bees were counted daily for 16 days and the average mortality percentages were estimated.

The second trial: Effect of water absence on survival of the confined adult bees associated with brood.

The same cages described above having confined bees were used with providing each with part of brood comb (10×8 cm.). The inserted parts of the combs carried both recently deposited eggs and recently hatched larvae. Number of dead or failed out larvae, beside mortality of bees were counted daily. and mortality percentage was calculated. However, egg-hatching percentages were determined after three days of confinement date, and mortality of the hatched larvae was recorded every day.

The third trail: Determination the daily using rate of water by honeybee colonies.

Five old established apiaries sited at various distances (100,223,570,867 and 1216m) of different natural sources of water were selected in Samallot district, Minia governorate, Minia, Egypt. Four colonies having approximate strength of each selected apiary were specified to study the water consumption rate over 12 months (September, 2001- August 2002). Each experimental colony was provided with the plastic dolittle division – board feeder having internal graduation. The quantity of the used water was recorded at four days intervals and then the content of the feeder was refreshed. The daily consumption rate of water per colony was calculated. The mean of temperature degree prevailing over each month of the study was obtained from meteorological station of Malawy district, Minia governorate . 

The fourth trial: Assessment of water preference by bee foragers.

Two private apiaries, one just established and the other was old were provided with large plastic plates measuring 45×35cm. Ten plates were placed in each apiary in two groups, five plates each. One group was placed in unshaped site, while the other was put in shaded location. Each plates group were filled individually with one of the different water solution as follows:

1. Sugar syrup (2:1 w/v).

2. Anise water (The resulted solution of boiling anise with water by 1:20, respectively).

3. Salt water (0.5% Na Cl).

4. Green algae water (20gr. green alga per liter of water).

5. Fresh water.

A cellulose sponge parts were placed in water plates to be floated for preventing bees drawing. In the beginning, plates of the tested solutions were offered together side by side, and then one of them was removed after a certain period (2,9,16,23 and 30 days for, sugar, anise, salt, green alga and fresh water, respectively). Number of landing bees on the different plates was counted daily for one minute at 9,11a.m, 1 and 3 p.m. And the mean number of water collecting bees per minute for each period was estimated.

The fifth trial: Effects of providing water to honeybee colonies on their activity and production. 

Three groups of old established apiaries, three apiaries each, were selected in Samalot district, Minia governorat, Egypt. Twelve honeybee colonies having an equal strength and housed in Langstroth hives were chosen among the colonies of each apiary group, four colonies from each apiary. The selected colonies of the first group were provided each with the Doolittle division – board feeders filled with water and placed along one side of the hive. Water supplying continued over six months (April – September) in both 2001 and 2002. The water content of the feeders was refreshed weekly. The colonies of the second group of the apiaries were provided with water outside their hives through open containers of the large plastic plates described in last trail. However the colonies of the third group of apiaries did not provide with water inside or outside their hives. Activities and productivity of the selected colonies in different apiaries were evaluated through the following measurements:

1. Classification of foraging activity 

For determination the relative numbers of bees foraging for pollen, nectar, water, double load, or nothing, entrance of each selected hives was closed for 5 min., and 25-30 incoming bees collected with a sweep net (Erickson et al, 1973). Collection of the samples was done weekly for six month, every two hours from 9 am to 3pm. The collected bees were regarded as pollen forager if they carried pollen loads, even small one. While discrimination between nectar and water collectors was recognized through drawing out the honey sac of each bee over Whatman No. 1 filter paper and applying any contents to the paper. If the honey sac content left no visible stain after drying it was judged to be water (Reddy, 1980), and this method could be confirmed through using refractometer scale which did not show any reading, otherwise it was classified as nectar collector. The forager bees were classified as carrying nothing when their honey sac and pollen basket as if empty. 

2. Bee brood  

For evaluation the effects of supplying water to the experimental colonies on their capacity of brood rearing and viability of that brood, the number of eggs cabable to hatch and the area of sealed and unsealed brood could able to maintain were measured at 12 days intervals.

Determination of egg viability was achieved through marking an area of recently deposited eggs by using transparent sheet. Then three days latter, numbers of the hatched larvae were counted and the average hatching percentages were calculated. However, measurement areas of the produced brood were done using a grid wired frame divided into square inches.      

3. Honey production 

At the end of the main nectar flow of both clover and cotton crops in Minia region, June and August, respectively, the stored honey was extracted from the combs of the experimental colonies. Honeycombs were weighted before and after extraction, and the difference between both weights represented the honey yield. The average honey production per colony was estimated.

Statistical analysis:

One way analysis of variance was conducted on the data collected from various trials and comparisons among means of different treatments were done using the least significant difference or the least significant range (Duncan,s rang) according to Mead et al, (1993).

RESULTS AND DISCUSSION 

Effect of water absence on life of the confined adult bees.

Results of Table 1 showed that bees could not live without water more than 24 hours, where providing candy only to the confined bees resulted in death by 9.33% increased to 100% within six days. At the same time, 100% mortality was recorded after 8 days of confinement for those bees supplied only with honey or water. However, after 16 days confine ment, mortality percentages of those bees provided with honey and water, candy and water, and sugar syrup did not exceed than 34.00,36.00 and 39.33%, respectively, with any significant differences among each other. 

These results are in agreement with early results of woodrow (1941) who mentioned that only 10% of queens fed candy alone survived more than 5 days. Maurizio (1947) also, found that bees would live 3-4times as long if they have access to water.

Effect of water absence on survival of confined adult bees associated with brood.

Data present in Table 2 indicated that all confined bees dead within 4,7 and 10 days when they only supplied with candy, honey and waters, respectively. While the maximum mortality percentages of the bees provided with sugar syrup, candy and water, and honey and water after 16 days confinement were 45.33,36.67 and 23.00%, respectively.

On the other hand, observation on egg hatching revealed that the lowest hatching percentage (5.33%) was found with that cages supplied with candy only. This percentage increased to 8.67% for those cages provided with honey only. Egg hatching percentages of the cages of other treatment ranged between 88.67 to 92.67% keeping no significant difference among them. 

It is clear from these results that absence of water affected directly on moisture level required for egg hatching and that is coincided with results of Taber (1995) who found that bee eggs will dry up and die unless they are kept in an environment of nearly 95% humidity.

Concerning, tolerance of the larvae associated with the confined bees for water absence, data of Table 2 showed two distinctive cases. The first one related to the larvae produced from those eggs hatched before confinement, where 86.67 and 72.00% of them were dead within five days when their cages supplied only with candy or honey, respectively. However, death of those larvae of the other treatments supplied with water did not exceed 17.33%. The second case was that the corresponding figures for those larvae hatched under confinement were 100% mortality within one day and two days for candy and honey treatments, respectively. The present results may confirm importance of water for the brood than the adult bees. Mangum (1998) explained vitality of water to both brood and adult bees through composition of their food. He mentioned that nurse bees feed to young larvae food containing a high moisture content (70-80% water), however, the nurse bees themselves feed on honey has a low moisture content (less than 20% water). Furthermore, Foster (1911) mentioned that bees require water even when fed 1:1 sugar syrup.

The daily using rate of water by honeybee colonies.

Results of Table 3 indicated that honeybees colonies consumed more quantity of internal water feeder during months of April, May, August and September. The distance of water source to the apiary affected the mean daily use of that water. At 100m distance, the water consumption rates were 30,5,7.50 and 15.00ml/ colony / day in months mentioned above, respectively. However, the consumption rates of the colonies sited at 223m of the water source were 72.50,57.5,57.50 and 57.50ml / colony/ day, respectively. With increasing the distance of water to the apiary (1216m), the consumption rate greatly increased, it reached to 115.00ml/colony/day in May month. On the other hand, the consumption rate of water in months of December and February was very low for the colonies located at various distances of the source of water, and the difference among these rates were not significant. The obtained results clearly indicated three points concerning water requirement to the bee colonies. The first point is that although the temperature prevailing in April month not the highest (23.830c), the water-using rate was high which may be due to expanding the brood area that need much quantity of water. This interpretion may coincide with Mangum (1998), who reported that bees need water in the spring for brood rearing. Also, Owens and McGregor (1964) found that an average colony of bees under average condition might use 200ml of water per day.

The second point is that, in spits of temperature of June and July months was high (31.52-32.350c in an average) and also, area of brood was wide, bees not consume more water from the internal feeder. The cause of this behavior may attribute to possibility of getting water from the nectar available in that period in Minia region. Mangum (1998) also, found that the activity of the bees at the water source typically decreased during the honey flow and he interpreted that decrease to getting water from the nectar. The third point is that bees collect some quantity of water in November and December months even with prevailing a low temperature. Miner (1868) a attributed this behavior to presence of dried air in winter, and James (1997) mentioned that bees need water even during cold months to dilute honey in order to feed it to developing bees.    

Water preference by the bee foragers.

Data in Table 4 revealed that presence of sugar syrup for two days at unshaded place of the old established apiary was more attraction to the foraging bees (23.50 bees / minute) than that placed at shaded site (16.75 bees / minute). The corresponding figure for the new established apiary were, 18.00 and 13.25 bee / minute for the two sites, respectively.

The same trend was noticed with the other kinds of water and preference of bees for these types of water could be arranged in the following descending order: anise, salt, green alga and fresh water. The difference among numbers of the attracted bees to salt or green alga water placed in different places or for different apiaries did not significant. According to these results, three aspects emerged lure for orientation the bees to new water source particularly at recent established apiaries. The second, bees were attracted to water placed in unshaded site more than shaded one, which may be due to their preference to warm water. This finding confirm the early finding of Miller (1907) who mentioned that bees prefer water warmer than April air temperature. And, Snyder (1933) who found that twelve colonies collected 16.3 Ib of cold water, but 96.3 Ib of warm water- six times as much. The third aspect, anise water is more attractive than salt water, which means that bees attracted to water having volatile substances. This inter pretion coincide with Johansson and Johansson (1978) who mentioned that bees detected different types of water by the olfactory sense organs.  

Effect of providing water to the honeybee colonies on their activity and production.

Results of Table 5 showed that providing water inside the hive bee colonies in 2001 contributed in a significant decrease of number of the water forager bees (0.5 bee / minute), in comparison to 2.75 and 3.00 bee minute for the colonies provided with water at the apiary and those colonies without water supplying. That means provision of water inside the hive save more time and effort spent by the bees for collecting water. James (1997) described provision of water within the hive in hot weather as an excellent idea.

In this context, the obtained results showed a positive effect of internal provision of water on nectar for aging bees 7.33 bees/ minute / colony carried nectar was recorded for the colonies supplied internally with water. The corresponding figures for the colonies provide water at the apiary and those not provided were 3.67 and 2.00 bees / minute, respectively. These finding are in agreement with finding of Mangum (1998) who reported that when the damned for water increases dramatically, some nectar receivers stop accepting nectar and switch to receiving water which can potentially reduce the colonies nectar collection. He concluded that when a colony increase its water collection, it also decreases its nectar collection.

Similar trend was observed with pollen collecting bees, where the highest rate of pollen collecting bees (7.75 bees /colony/minute) was recorded for rates for the colonies provided water at the apiary and those provided no water were 5.00 and 4.75 bees /colony/minute, respectively. Counting number of the foraging bees carrying mixed load did not show any significant difference among different treatments.

No foraging bees carrying nothing were captured on the entrance of the experimental colonies.

Respecting egg hatching, data in Table 5 indicated that supplying water inside the hives resulted in a significant egg hatching percentage (98.00%), in comparison to 90.33% for those colonies provided no water. The same trend was noticed for unsealed and sealed brood, which confirmed the importance of providing water for developed bees. These results may support the early results obtained by Doolittle (1914) who mentioned that bees can produce some brood without pollen, using the nitrogenous sources within their own bodies, but none can be produced without water. In conformity with this line also, Lensky (1963) found that in August, the brood areas were 57. and 3900 cm2, respectively in watered and unwatered colonies.

On the other hand, determination quantities of the produced honey by the experimental colonies indicated that the colonies provided with water inside their hives could produce more than double the quantity (11.00 kg/colony) produced by the colonies not supplied with water (5.00kg/colony) and their yield recorded a significant increase even those colonies provided with water at the apiary (7.33kg/colony). These finding are in accordance with finding of Mangum (1998) who mentioned that a reoccurring demand for water could cause a reoccurring disruption in nectar collection and reduce the colony's ability to store enough honey.

According to this broader view of the water subject, it could be reached to satisfaction that a sufficient attractive clean water source must provided inside the hives or at the apiary. This can greatly insure (a) full efficiency of honeybee colonies in collecting nectar and pollen; (b) quality of the collected water; (c) protection of bees from contaminated water either by pesticides or nosema spores. And, beekeeper should appreciate that water is a potential part of the diet of bees, and a lack of it adversely affects, their nutrition, physiology, brood rearing and normal behavior.
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Table (1) : Average accumulated percentages of honeybee workers confined in cages for 16 days with presence or absence of water providing .

Period of confinement (day)
Provided materials
L . s. r at 5%


candy
Honey
Sugar syrup
Water
Candy water
Honey water


1
9.33
7.33
00
00
00
00
8.50

2
34.00
20.00
00
4.00
00
00
9.07

3
37.33
23.33
0.67
14.67
00
00
10.85

4
79.33
46.67
1.33
29.33
00
1.33
18.60

5
92.00
58.00
2.00
36.00
0.67
4.00
14.39

6
100.00
68.67
6.00
43.33
2.00
8.67
20.45

7
100.00
88.67
10.00
91.33
5.33
11.33
24.38

8
100.00
100.00
18.67
100.00
8.00
13.33
35.69

10
100.00
100.00
25.33
100.00
15.33
20.00
13.17

12
100.00
100.00
29.33
100.00
22.67
24.00
17.18

14
100.00
100.00
33.33
100.00
25.33
28.67
17.17

16
100.00
100.00
39.33
100.00
36.00
34.00
16.79

* L.s.r. : least significant range (Duncan range)

Table (3) : The daily using rate (Ml/colony) of water by honeybee colonies of the old established apiaries through different months of the year 2001-2002 in Minia region .

L . s. d at 5%
Natural water source at distance of
Temp o c
Month


1216 m
867 m
570 m
223 m
100 m




mean
R 4
R 3
R 2
R 1
mean
R 4
R 3
R 2
R 1
mean
R 4
R 3
R 2
R 1
mean
R 4
R 3
R 2
R 1
mean
R 4
R 3
R 2
R 1



39.62
102.50
100
120
100
90
70.00
20
70
90
100
67.50
30
100
60
80
57.50
20
40
100
70
15.00
00
00
60
00
30.00
September 2001

29.67
97.50
90
120
100
80
77.50
60
70
110
70
62.5
100
50
40
60
57.50
40
60
20
110
17.50
00
30
00
40
25.56
October

8.78
20.0
00
00
20
60
12.50
00
00
20
30
32.50
00
00
10
30
12.50
00
00
20
30
00
00
00
00
00
21.53
November

N .S
2.50
00
00
10
00
2.50
00
00
00
10
5.00
00
00
00
20
7.50
00
00
20
10
00
00
00
00
00
16.47
December

4.87
7.50
00
20
00
10
00
00
00
00
00
2.50
00
00
00
10
00
00
00
00
00
00
00
00
00
00
16.22
January 2002

N . S
10.00
10
00
20
10
15.00
10
20
10
20
12.50
20
10
00
20
15.00
10
30
20
00
00
00
00
00
00
16.97
February

47.31
92.50
120
70
80
100
92.50
80
70
100
110
82.50
60
70
100
100
67.50
00
50
100
120
7.50
20
00
00
10
20.30
March

7.83
112.50
100
140
110
100
115.00
110
130
100
120
82.50
60
80
90
100
72.50
50
60
100
80
30.00
20
00
40
60
23.83
April

36.86
115.00
130
100
110
120
117.50
100
130
110
130
87.50
70
60
100
120
57.5
60
30
20
120
5.00
00
00
00
20
30.27
May

46.26
77.50
90
80
60
80
90.00
100
110
100
50
72.50
100
20
110
60
62.50
100
20
30
100
00
00
00
00
00
31.52
June

15.66
80.00
80
90
80
70
70.00
60
80
100
40
65.00
50
20
80
110
55
40
10
70
100
5.00
00
00
20
00
32.35
July

28.93
105
100
100
120
100
82.50
80
70
60
120
67.50
60
30
80
100
57.50
30
10
90
100
7.50
00
00
00
30
31.99
August




























L. s. r at 5%

R : a replicate honeybee colony

L . s. d : Least significant difference at 0.05 p

L . s. r : least significant range (Duncan range)

Table (2) : Average percentages of egg hatching and accumulated mortality of both unsealed brood and workers of honeybee confined together for 16 days .

After confinement period of (day)
Provided materials
L . s. r at 5%

Accumulated mortality percentages of workers
1
Candy
Honey
Sugar syrup
Water
Candy water
Honey water



2
-
10.67
5.33
00
3.33
00
00
6.81


3
-
43. 33
18.67
00
18.00
00
00
14.06


4
-
86.00
30.00
0.67
36.00
00
00
10.53


5

100.00
45.33
1.33
54.67
00
1.33
14.87


6
-
-
65.33
2.67
65.33
00
2.67
10.17


7
-
-
88.67
4.67
76.67
00
4.00
60.30


8
-
-
100.00
7.33
86.00
1.33
7.33
5.37


9
-
-
-
9.33
96.67
3.33
11.33
11.31


10
-
-
-
12.00
100.00
4.67
16.67
16.08


12
-
-
-
33.33
-
12.67
20.67
17.23


14
-
-
-
37.33
-
22.67
28.00
21.82


16
-
-
-
45.33
-
36.67
32.00
22.40

Egg hatching %
-
5.33
8.67
88.67
92.67
91.33
91.33
11.83

Accumulated percentage of number of larvae dead or falled outside their cells
1
1
00
00
00
00
00
00
-


2
2
00
00
00
00
00
00
-


3
3
20.67
17.33
00
00
00
00
14.10


4
4
25.33
23.33
4.00
9.33
4.00
6.00
11.28


5
5
86.67
72.00
6.00
17.33
8.67
8.00
16.93


5
2
100.00
63.89
2.32
28.45
6.55
4.32
64.84


6
3
-
100.00
8.98
64.29
9.46
8.72
19.17


7
4
-
-
8.98
88.06
14.55
10.16
14.67


8
5
-
-
10.51
100.00
18.93
10.65
7.51

* Mortality percentages of the larvae produced from eggs hatched before confinement .

** Mortality percentages of the larvae produced from eggs hatched after confinement .

*** The larvae aye (day) .

Table (4) : Average number of foraging workers per minute attracted to different types of water placed in different sites of new and old established apiaries during April 2001 in Minia region .

Water having
New established apiary
Old estoblished apiary
L . s. d at 5%


Shaded site
Unshaded site
Shaded site
Unshaded site



* 1-2
3-9
10-16
17-23
24-30
1-2
3-9
10-16
17-23
24-30
1-2
3-9
10-16
17-23
24-30
1-2
3-9
10-16
17-23
24-30
1-2
3-9
10-16
17-23
24-30

Sugar
13.25
**
**
*
**
18.00
**
**
**
**
16.75
**
**
**
**
23.50
**
**
**
**
7.73
-
-
-
-

Anise
4.50
9.00
**
**
*
6.25
10.25
**
**
**
3.00
6.00
**
**
**
3.25
6.25
**
**
**
2.28
N . S
-
-
-

Salt
2.25
3.25
4.50
*
**
3.75
3.00
6.00
*
**
2.00
3.00
3.00
**
**
3.00
3.00
3.75
**
**
N . S
N . S
N . S
-
-

Green alga
1.00
2.00
3.50
4.25
**
1.00
3.75
4.00
5.25
**
2.00
3.00
3.25
3.00
**
2.00
2.75
4.00
4.00
**
N . S
N . S
N . S
N . S
-

Fresh water
00.00
1.75
2.00
4.25
5.25
0.00
2.25
3.00
3.00
3.25
0.00
1.25
1.25
2.00
2.00
0.00
1.75
1.50
2.00
2.50
-
N . S
N . S
N . S
1.74

L. s. d at 5%
2.10
N . S
N . S
-
-
6.33
3.67
N . S
-
-
7.15
3.74
N . S
-
-
6.57
1.29
4.71
-
-
-
-
-
-
-

* : Period (day) during which water was available at the apiary  .

L . s. d : Least significant difference at 0.05 p .

** : No supplying with that type of water .

Table (5) : Providing honeybee colonies with water at the apiary and inside the hives and its effects on their production and foraging activity through the active seasons of both 2001 and 2002 .

Season 2002
Season of 2001
Water available

Measurements

L . s. d at 5%
No. provision of water
Inside the hive
At the apiary
L . s. d at 5%
No. provision of water
Inside the hive
At the apiary


1.17
2.50
0.00
2.33
0.67
3.00
0.50
2.75
No. of foragers carrying water (colony/minute)

1.99
1.67
6.67
3.50
2.06
2.00
7.33
3.67
No. of foragers carrying nectar (colony/minute)

2.44
4.67
8.33
4.75
N . S
4.75
7.75
5.00
No. of foragers carrying pollen (colony/minute)

N . S
1.00
0.67
0.67
N . S
00.00
0.67
00.00
No. of foragers carrying nectar+pollen (colony/minute)

-
0.00
00.00
00.00
-
0.00
00.00
00.00
No. of foragers carrying water+pollen (colony/minute)

N . S
0.75
0.67
0.67
N . S
0.33
0.00
0.33
No. of foragers carrying nothing (colony/minute)

N . S
92.50
96.67
94.50
2.44
90.33
98.00
97.67
Egg hatching %

N . S
460.67
598.00
506.00
N . S
492.67
648.00
512.00
Unsealed brood area (sq. inch)

N . S
408.00
560.00
486.33
83.22
426.00
624.00
475.67
Sealed brood area (sq. inch)

1.76
4.33
9.25
6.25
1.87
5.00
11.00
7.33
Honey production (kg/hive)

R : A replicate honey bee colony

L . s. d : Least significant difference at 0.05 p .

