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ABSTRACT 
Two different methods were carried out as an attempt 

to increase the honey production of A. mellifera colonies             
(Hybrid) in Egypt. The first method was conducted during 
winter of 2015/2016 season, includes and three different 
diets; skimmed soybean, (A) chickpea, (B) and yellow corn 
flour(C). These supplementary diets were used to fed bee 
colonies during dearth period to increase their production. 
Results revealed an increase in sealed brood yield to 
1290.0±48.47 inch2 with daily egg laying of 2956.2±111.1 
eggs/colony for colonies fed on soybean diet (A), which was 
the best diet as compared to chickpeas (B) and yellow corn 
diets (C). In addition, diet (A) showed the highest number 
of queen cells (138.6±5.65 cell/colony) with the highest cell 
length (14.9±0.38 mm/queen cell). Moreover, these colonies 
showed the highest  honey production (6.82 ± 0.33 Kg/  
colony) during the period of citrus blossom season.  

A queen exclusion system, the second method, was 
conducted to increase honey production through out three 
nectar seasons of citrus, clover and cotton. Total honey was 
91.45 kg/10 colonies with amean of 9.15 kg /colony. In 
clover season, honey production was 53.78 kg/10 colonies, 
with a mean of 5.38 kg/colony, while in cotton season the 
colonies produced the least amount of honey of 43.14 kg/10 
colonies with a mean of 4.31 kg/colony. There were highly 
significant differences among the colonies that provided 
with the queen excluder system on one side and the other 
control colonies on the other side.   

Statistical wise, the difference was sigmi ficamt  
between queen exclusion system ant the control.  

Keywords: supplementary diets, soybean, chickpeas, 
yellow corn flour, queen cells, bees honey, sealed brood, 
egg lying, queen length, queen excluder. 

INTRODUCTION 

Managed honey bees have economic importance 
with hive products such as honey, pollen, wax, propolis, 
and royal jelly (Maheshwari, 2003). 

Honey bees, Apis mellifera, depend mainly on nectar 
and pollen as sources of nutrients. Nectar provides bees 
with carbohydrates, while pollen supplies them with the 
remaining dietary requirements such as proteins, lipids, 
vitamins, and minerals (Brodschneider and Crailsheim, 
2010).). Lack of pollens in the field is a critical problem 
for beekeepers. Supplying bee colonies with an 
alternative artificial source of protein, like pollen 
substitutes, is essential to boost colony survival and 
development (Herbert, 1992).  Honey production is an 

important target for all beekeepers worldwide. They try 
to find the best methods to increase the products of bee 
colonies. Some beekeepers use different supplementary 
diets and others use different methods to increase honey 
by using queen exclusion system. Four kinds of 
supplementary diets of soybean, maize, gram, and sugar 
were tested to evaluate their performance on colonies 
activity during the period of August to January. Honey 
produced after the treatment with gram was significantly 
better than that produced by bees fed on other pollen 
supplementary diets (Mahmood et al., 2013). Pande and 
Karnatak (2014) tested the effect of certain chickpea, 
green gram and horse gram. soybean, maize, wheat, and 
gram as horse powder mixed with honey, water and 
soybean, which indicated the best way for visiting bees. 
Usha et al. (2014)and Aly et al. (2014) examined certain 
supplementary diets of gram, bean, pea, fenugreek, 
coriander, cumin, anise, caraway, fennel, white kidney 
beans rice, and oats seeds flours calculated the 
percentage of consumption of each one in comparison to 
they sugar candy, which has been used as a control. 
Fermented gluten meal, fermented soybean meal, 
soybean meal and gluten meal as supplementary diets 
were used by Rezaei et al. (2015) to evaluate their 
effects on colonies activity compared with pollen and 
sugar solution, as a control treatments. Amro et al. 
(2016) used five supplementary isolated diet proteins of 
soybean, pod powder, date pasta, Feedbee® (a nutritious 
pollen supplement), and corn gluten compared with 
control colonies fed on pollen in relation to their effect 
on certain physiological parameters, rearing activity, and 
consumption amount. Feedbee® was able to enhance 
brood rearing,  

Queen excluder is a very important method to 
increase honey production during peak seasons, Moeller 
(1980) and, Morris (2012) indicated that queen 
exclusion has positively affected honey yield, and found 
that its application in one colony was better than in two 
colonies. Nuru et al. (2013) found that colonies with 
queen exclusion produced more honey and brood than 
the control, then also showed a balance between brood 
production and honey yield in peak seasons. 

Therefore, two methods were used in this study to 
increase honey yield. The first method used three 
different supplementary diets (skimmed soybean, 
chickpea, and yellow corn flour) to evaluate their effect 
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on colonies activity, food consumption rate and, food 
conversion. The second method used the queen 
exclusion system to evaluate its effect on honey yield. 

MATERIALS AND METHODS 
This research has been carried out at a commercial 

apiary in Rosetta region, 40 km East Alexandria city in 
collaboration with the laboratory of Plant Protection, 
Faculty of Agriculture, Saba -Basha, Alexandria 
University. 

1- Experiments 

Experiment 1  

Three different diets were prepared during the period 
of mid-November 2015 and offered continuously to 
colonies during the dearth period until early March 
2016.  Twenty Langstroth hives were selected similarily 
with respect to the number of frames with presented 
bees covering them.  Frames were divided into Four 
groups; 5 colonies Frames for each treatment plus the 
control. The three supplementary materials, diets were 
skimmed soybean, chickpea and yellow corn powders, 
and each one was composed of 100 g of the main 
material mixed with 250g sugar, 50g dry yeast, 10g 
cinnamon and 90g honey.  

The components were sieved properly to get rid of 
solids materials that bees cannot digest. The refined 
materials were kept in polyethylene bags in dry 
conditions until use. Each diet was placed on the frames 
of each experimented colony after opening a big hole to 
facilitate the way of bees for feeding.  

Experiment II  

A simple device; named "the queen excluder 
separator", has been used with three nectar sources of 
citrus, clover, and cotton. For each nectar, twenty 
colonies were used, and grouped into two groups; 10 

colonies represent the nectar treatment and 10 colonies 
represented the control. This technique consisted of a 
queen excluder cage with the same dimensions of the 
colony frame to confine tightly the queen on two frames 
only inside the system (cage). This device was adopted 
after 10 days from the onset of the nectar season Frames 
with sealed brood were caged to allow workers to use 
the other free frames of the colony to be filled with 
honey after setting free queen in the main nectar season. 

The afore-mentioned practical experiments were 
undertaken to increase the honey yield in three season of 
(citrus, clover, and cotton) by bee workers in collecting 
considerable quantities of nectar and convert it into 
honey inside the hives. 

2- Evalution of the biological activities  

2.1. Honey production in spring of 2016 seasons 

Colonies provided by the supplementary diets were 
compared with the  control. Honey was collected (kg) in 
spring of 2016 season (citrus season) from each colony 
and compared with that produced in winter of the same 
seasons  

2.2. Evaluation of sealed brood and egg laying in 
spring of 2015 and 2016 seasons 

Sealed brood in sprung of 2015 and 2016 seasons 
was measured by using the inch square frame method. 
Each sealed brood frame was taken from each colony 
after removing the bees, and then the square inch frame 
was put on it. The number of square inches of the brood 
bee was calculated. The number of daily egg laying was 
calculated by the following equation: 

The number of daily eggs = the number of sealed 
brood( inches) 2 X (27.5 /12) 

And compared to the control colonies and length            
( Hassona. (2006)  

 
Photo 1. Colony with the queen excluder 
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2.3. Number and length of queen cells in spring of 

2016 seasons 

In the beginning of spring season of 2016, many 
queen cells appeared in colonies provided with diets 
during winter season. These queen cells were counted 
and measured in millimeters by a ruler. Their number 
and length have been compared with the control 
colonies.  

2.4. The queen excluder system  

Queen excluder system was employed in three nectar 
flows of citrus, clover and cotton. Simply, this device of 
the queen excluder has been used in one colony with 10 
frames to separate only two frames with nectar from 
those with brood and a young queen of 9-months age 
utmost.  The device was used approximately within 10-
15 days from the start of the nectar flow season and 
compared with queen excluder without this device, the 
control  (Photo1). 

3-Statistical analysis 

      SAS program was used for data analysis using, and 
means were analysis of variances (F. value) was used 
where L.S.D and standard deviations. The correlation 
among some treatments was also calculated. Regression 
equations were used to calculate the differences among 
performed treatments.( Data wera analyzed suing GIM 
procedure according to  SAS ,2004)  

RERSULTS AND DISCUSSION 

1- Effect of supplementary diets on the biological 
activity of A. mellifera colonies 

As shown in Table (1), results of revealed that 
colonies fed on skimmed soybean diet (diet A) 
consumed 46.00 ± 16.07 g out of 500 g of the diet with 
a mean conversion rate of 0.64 ± 0.23 g, which led to 
both sealed brood mean of 77.60± 12.63 inch2, and 
mean daily egg laying of 130.12±13.25 for each colony. 
Colonies fed on chickpeas diet (diet B) consumed 44.00 
± 14.92 g out of 500 g, with a  conversion rate of 0.69 ± 
0.24 g that produced sealed brood of 68.40 ± 11.41 
inch2 with daily egg laying of 114.99±12.09.  

The another group of colonies fed on yellow corn 
diet (diet C) consumed 42.00 ± 14.20 g with a 
conversion rate of 0.66 ± 0.22 g reflected on sealed 
brood mean of 67.20±10.97 inch2 and daily egg laying 
of 113.63±11.94 for each colony. In  regards to the 
control colonies (D), the mean sealed brood was 68.20 ± 
10.54 inch2 and the mean number of daily egg laying 
was 113.64±10.23 for each colony. The other diets (B 
and C)  There were significant differences between each 
diet and the control only in March. In December, with 
the continous feeding on different diets, colonies fed on 

diet (A) consumed 228.0 ± 17.55 g with a conversion 
rate of 1.78 ± 0.052 g. After that, colonies produced 
mean sealed brood of 126.6±7.28 inch2 with a mean 
daily egg laying of 290.1±16.68 for each colony. As for 
colonies fed on diet (B), these figures were 223.0 ± 
11.14 g , 1.79 ± 0.048 g , 126±8.16 inch2, and 
288.72±18.70 respectively. The third group of colonies 
fed on diet (C), consumed 221.0 ± 16.31 g with a 
conversion rate of 1.54 ± 0.052 g, which lead to sealed 
brood mean of 142.5±6.88 inch2 and the mean daily 
eggs laying of 324.72±6.22 for each colony. contrary, 
colonies produced the mean of sealed brood of 
127±5.38 inch2 and the mean of daily eggs laying of 
291± 12.34 eggs/ day for each control colony. Statistical 
analysis showed a significant cant differences among the 
three groups of diets and the control. 

Similarly, in January and February, the mean figures 
of consumption and related biological activities for the 
first group of colonies that continued to feed on diet (A) 
reached higher levels rather than the preceding months 
of November and December where food consumption 
was 426.67 ±16.80 g with a conversion rate of 1.35 ± 
0.07 g, mean yield of 338±30.7 inch2, and mean daily 
egg laying 774.54±70.40 for each colony. 

The second group of colonies continued feeding on 
diet (B), consumed 414.33 ±15.76 g with a conversion 
rate of 1.37 ± 0.05 g It also showed in an increase mean 
space or area of sealed brood (310±18.95 inch2) and 
daily egg lying to 710.41±43.43 for each colony. The 
third group fed on diet (C) consumed 442.60 ±15.55 g 
with a conversion rate of 1.45 ± 0.05 g leading to a 
mean space of 312.7±19.79 inch2 sealed brood and a 
mean number of daily was 730.24±48.67 egg laying for 
each colony. In control colonies, the mean of sealed 
brood was 288±21.81inch2 and the mean number of egg 
daily laying was 661.48±50.0 for each colony. The 
comparison among the three different diets groups and 
the control illustrated significant differences (Table 1).  

Likewise, in February, the first fed colony group 
(diet A), the mean yield of sealed brood increased to 
1005±51.9 inch2 and the mean of daily egg laying was 
2303.1 ± 118.94 for each colony. The second group 
(diet B) reflected sealed brood mean of 679.0±46.4 
inch2 and daily egg laying of 1556± 106.31 for each 
colony. The third group (diet C) produced mean sealed 
brood of 687.0±33.2 inch2 and egg daily laying of 
1413.44±155.1 for each colony. The control colonies 
showed a mean sealed brood yield of 628.0±41.1 inch2 
and a mean daily egg laying yield of 1439.1±94.17 for 
each colony.  
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Table 1. Effect of supplementary diets on the biological activities of bees during winter season of 2015/2016  

Biological activities 
 

Experimental 
months 

 

Supplementary 
diet 

 
Mean area of 
sealed worker 
brood (inch2) 

 

Mean No. of 
laying 

eggs/day/queen  
 

Mean amount of 
food consumption 

(g) 
 

Mean food 
Conversion 

(g)** 
 

(A)# 
 

77.60a *± 12.63 
 

130.12±13.25 
 

46.00 ± 16.07 
 

0.64 ± 0.23 
 (B) 

 
68.40b ±11.41 

 
114.99±12.09 

 
44.00 ± 14.92 

 
0.69 + 0.24 

 (C) 
 

67.20b ±10.97 
 

113.63±11.94. 
 

42.00 ± 14.20 
 

0.66 ± 0.22 
 Control (D) 

 
68.20 b±10.54 

 
113.64±10.23 

 
0.00 

 
0.00 

 

November 
 

L.S.D 
 

14.926 
 

- 
 

- 
 

- 
 (A) 

 
l26.6±7.28 

 
290.1 ±16.68 

 
228.0 ± 17.55 

 
1.78 ±0.052 

 (B) 
 

126±8.16 
 

288.72±18.70 
 

223.0 ± 11.14 
 

1.79 ±0.048 
 (C) 

 
142.5±6.S8 

 
324.72± 16.22 

 
221.0± 16.31 

 
1.54 ±0.052 

 Control (D) 
 

127±5.38 
 

291.0±12.34 
 

0.00 
 

0.00 
 

December 
 

L.S.D 
 

- 
 

- 
 

- 
 

- 
 (A) 

 
338.0±30.7 

 
774.54±70.40 

 
426.67 ±16.80 

 
1.35 ±0.07 

 (B) 
 

310.0±18.95 
 

710.41±43.43 
 

414.33 ±15.76 
 

1.37 ±0.05 
 (C) 

 
312.7±19.79 

 
730.24±48.67 

 
442.60±15.55 

 
1.45 ±0.0 5 

 
Control (D) 
 

288.9±21.8I 
 

661.48±50.0 
 

0.00 
 

0.00 
 

January 
 

L.S.D 
 

- 
 

- - 
 

- 
 (A) 

 
1005.0 a ±51.9 

 
2303.1±118.94 

 
0.00 

 
0.00 

 (B) 
 

679.0 b±46.4 
 

1556±106.31 
 

500.00 
 

0.92± 0.04 
 (C) 

 
687.0 b±33.2 

 
1413.44±155.1 

 
0.00 

 
0.00 

 Control (D) 
 

628.0 b±41.1 
 

1439.0±94.17 
 

0.00 
 

0.00 
 

 February 
 

L.S.D 
 

125.3 
 

- 
 

0.00 
 

0.00 
 (A) 

 
1290.0 a ±48.47 

 
2956.2±111.1 

 
0.00 

 
0.00 

 (B) 
 

1146.0 b±40.57 
 

2626.2±92.97 
 

0.00 
 

0.00 
 (C) 

 
1194ab±31.87 2736.2±73.04 

 
0.00 

 
0.00 

 Control (D) 
 

998.0c±29.7 
 

2287.0±68.13 
 

0.00 
 

0.00 
 

March 
 

L.S.D 115.1 - 0.00 0.00 

#Soybean (A), chickpeas (B) and yellow corn (C) 

*Means followed with the same letter in a column under each experimental month are not significantly different.   

** Food conversion = amount of consumed food/sealed worker brood.  

 

Results indicated significant differences between the 
first group and all others groups in their biological 
activities (Table 1). The highest mean of sealed brood 
and number of egg lying was related to the first group 
fed on diet (A). Unexpectedly, although bees finished 
feeding on diets A, B, and C  in March, results revealed 
maximum increase in feeding activity of sealed brood 
and egg laying with colonies fed on diet (A), where the 
mean of sealed brood was 1290.0 ±48.47 inch2 and egg 
laying 2956.2±111.1 for each colony. Colonies which 
were fed on diet (B) had mean sealed brood of 

1146±40.57 inch2 and egg lying of 2626.2±92.97 for 
each colony. The third group of colonies fed on diet (C) 
showed a mean sealed brood of 1194±31.87 inch2 and 
mean egg laying of 2736.2±73.04 for each colony. 
Whereas, the control colonies less showed sealed brood 
yield of 998±29.7 inch2 and a reduction in daily eggs 
laying of 2287±68.13. There were significance 
differences among the applied diets. In conclusion 
results revealed that the highest number of laying eggs 
was for colonies fed on skimmed soybean diet (A), 
followed by colonies fed on yellow corn diet (C), and 
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then chickpea diet (B). The entire supplement diets 
proved better production of daily egg lying than control 
group in the beginning of citrus season. These results 
agreed with those of Aly et al. (2014), in the sense that 
all colonies fed on supplementary diets produced more 
brood areas than control colonies. On the contrary, 
pollen supplemented diets produced more brood in 
early spring than other colonies (Manila and Otis, 
2006). Soy bean flour diets built up quickly and 
increased colonies because soybean diet had highest 
brood than other colonies fed on other diets (Sihag and . 
Manisha, 2013), and this might be due to that soybean 
flour contain higher nutrient elements. 

2- Effect of feeding diets on queens cell number and 
length 

Results in Table (2) indicated that colonies fed on 
diet (A) through spring period of 2016 season produce 
138.6±5.65 queen cells/colony, mean length of 
14.9±0.38 mm/queen cell. Cell produced the least mean 
quean cells number of queen cell 32.00±17.84. Colonies 
fed on diet (B) a mean length of 10.1±0.21 mm/queen/ 
cells. On the otherhand, colonies fed on diet (C) 
produced the highest mean number of queen cells 
(114.6±5.62 cells/colony) with a mean length of 
l2.1±0.50 mm/queen cell. In contrast, control colonies 
produced 29.6±14.27 queen cells/colony with a mean 
length of 10.3±0.25 mm/queen cell. Results showed 
significant differences among the number of queen cells 
produced from the three feed groups and that in control. 
On the other hand, there were no significant differences 
among the means of queen cell length. It has been 
noticed that Feeding colonies with different diets (A, B, 

C) had a number of queen cells more than those of the 
control due to the good quality of proteins in diet,  
which lead to activate bee colonies to increase the 
number of worker bees inside the colonies. 

3- Effect of each feeding diet on honey 
productionduring citrus season of 2016 

Results in Table (3) referred to the total produced 
honey and its mean for each group of colonies. As for 
those fed on diet (A), the total honey production during 
citrus season was a mean of 6.82 kg/colony. Colonies 
fed on diet (B) produced with a mean of 5.54 
kg/colony. The third group of colonies provided with 
diet (C) gave a mean of 5.64 kg/colony. The least a 
mean of honey production was the control colonies a 
mean of 4.08 kg/colony). Results significant differences 
among the four groups. The effect of different diets 
could be arranged in a decending order as follows: 
soybean > yellow corn ≥ chick peas > control. 

4-Queen excluder system and honey production 
during citrus, Clover and cotton season of 2015 

The queen excluder system was used to exclude a 
queen within two brood frames in the same colony and 
the other frames were left for workers to put and store 
nectar during citrus, clover and cotton nectar seasons. 
The produced honey was then determined to evaluate 
the effect of the queen excluding system. Table (4) 
showed a comparison between the colonies where the 
queen excluder system was applied on and those without 
that queen excluder system (the control) through the 
three nectar seasons of citrus, clover and cotton. 

Table 2. Queens cells number and length after feeding on different diets during  2016 season 
Supplementary diets 

 
Mean No. of queen cells 

 
Mean of Queen length (mm) 

 
 (A) 138.6a ±5.65 14.9±0.38 
 (B) 
 

32.0 b ±17.84 
 

10.1±0.21 
  (C) 114.6 a ± 5.62 12.1 ±0.50 

Control (D) 
 

29.6 b ±14.27 
 

10.3±0.25 
 L.S.D 

 
36.274 

 
- 
 #Soybean (A), chickpeas (B) and yellow corn (C) 

*Means followed with the same letter (s) for each experimental month are not significantly different.  

Table 3. Effect of feeding diets on honey production during spring of 2016 season 
Supplementary feeding 

 
Total honey production 

 (kg) 
Mean weight of honey production 

(kg) 
(A) 34.1 ± 0.33 6.82 a 
(B) 27.7 ± 0.66 5.54 b 
(C) 28.2 ± 0.38 5.64 ab 
Control (D) 20.4 ± 0.17  4.08 c 
L.S.D - 1.2755 
 #Soybean (A), chickpeas (B) and yellow corn (C) 
*Means followed with the same letter (s) for each experimental month are not significantly different.  
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Table 4. Honey production after using the queen excluder system in 2015 season 

Nectar season 

 

Excluder Total weight of produced honey 
(kg/10 colonies) 

Mean weight of honey 
production (kg) 

Citrus  A# 91.45 9.15a ±0.17 

 B 52.00 5.20b ±0.15 
Clover  A 53.78 5.38 a ± 0.41 

 B 38.00 3.80 b ± 0.20 

Cotton  A 43.14 4.31 a ± 0.33 

 B 32.00 3.20 b ± 0.13 
#A=with excluder and B = without excluder 

           *Means followed with the same letter (s) for each experimental month are not significantly different.  

In citrus season, the total weight of produced honey due 
to queen excluder system was 91.45 kg/10 colonies with 
a mean of 9.15±0.17kg/colony as compared with the 
control colonies in the same season, which produced  a 
honey production of 52.00 kg/10 colonies with a mean 
of 5.20±0.15 kg/colony. That there were significant 
differences among the means of produced honey in case 
of using queen excluder and the control. In clover 
season, the total weight of honey in colonies with 
excluder was 53.78 kg with a mean of 5.38±0.41 
kg/colony and the control colonies had a total weight of 
honey of 38.00 kg with a mean of 3.80±0.20 kg/colony, 
and the difference between both treatments was 
significant.  

Through the cotton season, the colonies that had a 
queen excluder system produced a total honey weight of 
of 43.14 kg of 4.31±0.33 kg/colony, as compared to the 
control colonies (32.00 kg 3.20±0.13 kg/colony), and 
the differences was significant between them. Results 
are in agreement with those reported by Hayes et al. 
(1985) and Moeller (1980) who indicated that 
beekeepers are using queen excluder to manage the 
colony and to decrease the humidity inside colonies 
especially in winter time, in addition to increasing honey 
production in summer season where the   managed 
honey bees have economic importance with other hive 
products. 
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