Comparative study between Carniolan and Italian races in pollen grains collection
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1. INTRODUCTION

Honey bees are the best known eusocial insects. They are mainly known for honey production and as a source of other products such as beeswax, pollen, propolis, royal jelly and bee venom. Pollen is a nutrient-rich food that, like honey, can be stored in the hive indefinitely to serve as a reserve during times or seasons of shortages (Schmidt, 1996 and Somerville, 2001). Recently, the most known races, having superior characteristics, are  the  Carniolan,  A. mellifera carnica Pollm., Italian, A. mellifera ligustica Spin. and Caucasian, A. mellifera caucasica Gorb(Adam,1983; Cobey,1992 and Schmidt and Buchmann, 1992). In this investigation of the different races (Carniolan, A. mellifera carnica  and Italian, A. mellifera ligustica), the following point was conducted: Pollen gathering activity (daily, weekly and monthly).
2. MATERIALS AND METHODS

 The experiments in this study were carried out at El-Baydaa village, El-Senbellaween, Dakahlia Governorate, for one year, beginning in September 2004 and ending in August 2005. A total of six honeybee colonies (Apis mellifera L.) housed in local Langstroth hives with relatively same strength, three pure Carniolan colonies (A. mellifera carnica) and three pure Italian colonies (A. mellifera ligustica). The experiments included comparative studies between the two races for daily and seasonally activity in collecting pollen grains by using pollen traps and identification of the largest amounts of trapped pollen.

1. Estimation of collecting pollen: 

Each colony from different races was provided with pollen trap fixed on its entrance from September 2004 to August 2005. The pollen grains were collected at intervals of five days and weekly average was calculated during the whole year. 
  1.1 Construction of pollen trap:                  
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The pollen trap is a wooden box as (Fig. 1), it has a slope roof and two vertical metal strips each 32 cm. in width and 17 cm. in length. Each strip has holes of about 0.3 cm. in diameter. A slide wooden box (collecting tray) 34 cm. in width, 27 cm. in length fixed under the fine wire screen to collect pellets which fall from the worker legs when try to pass from the trap to the hive.
                        (Fig. 1) Used pollen trap

1.2 Determining the efficiency of the pollen trap:         

The efficiency of the pollen trap in collecting pollen loads was determined by noticing 100 worker bee loaded with pollen when they pass through the pollen trap. The pollen loads which fall from the worker legs by the trap were counted and the efficiency of the trap was 20%, calculated as follows: (Khattab, 1976).
                                 No. of pollen loads in the trap box                100
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Pollen trap efficiency % =    ـــــــــــــــــــــــــــــــــــــــــــــــــــــ    X    

                                                  100                                                2

2. Examining the pollen loads:

Only the main kind of pollen pellets which gathered from traps of different colonies of races during the whole year, weighed directly and classified by their color with a small drawing brush. The total weight of the pellets of each color was recorded. 

3. Identification of the collected pollen grains:

Plant sources of pollen pellets were identified by Microscopic examination as standard slide which prepared from anthers of flowers, as (Fig 2). The main kinds of trapped pollen pellets were stored after drying in an oven at 45C° for an hour until a loss of about 20 % of humidity was reached, then kept in tightly closed glass bottles at room temperature. Every main kind of pollen pellets was taken and spread on a slide microscope, a small drop of Glycerin Jelly is added and then covered by a cover slide. These pollen pellets were compared with standard slides mounted -as mentioned by Ibrahim and Salim, 1965. 
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(Fig. 2). Identification and photographed pollen grains

4. Estimation of daily activity of collecting pollen: 

On the mid of every month from September 2004 till August 2005, samples of loads were taken every two hours from 7 a.m. to 5 p.m.
3. RESULTS AND DISCUSSION 

3.1. Monthly and seasonal activity of pollen collection:

Weekly pollen collection was estimated from September 2004 to August 2005 by putting pollen traps at the entrance of three colonies of each Italian and Carniolan race. Taking in consideration the efficiency of the used traps and weekly collection of pollen grains were done at the end of every week, and the gathered pollen loads were weighted and stored for more examination and identification. Data presented in Table ( 1 ) showed the average monthly weights of gathered pollen during the interval from September 2004 to August 2005. Results in Table ( 1) showed that the highest average amounts of pollen was gathered in August in Italian, with an average 291 gm./colony, representing 17.1% - in accordance with the maize blooming.  Meanwhile, the highest average amount of pollen was in March in Carniolan race, with an average 242 gm./colony, representing 17.9% - in accordance with Broad bean, Eucalyptus and Pea blooming. Whereas, June month was the lowest month of pollen gathering activity during the whole year for Italian and Carniolan races, with an average 20, and 20 gm./colony representing 1.2 %, and 1.8 % of the yearly average, respectively. 
Table ( 1). Monthly and seasonal average of pollen grains collection gm/colony during   2004/2005.
	Months
	Races

	
	Italian
	Carniolan

	Sep. 2004

Oct.

Nov.
	58

165

108
	47

57

64

	Autumn
	331
	168

	Dec.

Jan. 2005

Feb.
	51

196

217
	31

209

172

	Winter
	464
	412

	Mar.

Apr.

May
	237

65

219
	242

55

231

	Spring
	521
	528

	Jun.

Jul.

Aug.
	20

70

291
	22

72

144

	Summer
	381
	238

	Average/year
	1697
	1346


According to seasonal activity, Table (1) and Fig (3) showed that spring season was the highest season in Italian and Carniolan races during the whole year. The averages were 521 and 528 gm/colony, representing 30.7 % and 39.2 % for Italian and Carniolan races, respectively. In contrast, autumn was the inferior season for Italian and Carniolan races; with an average 331 and 168 gm/colony, representing 19.5 % and 12.4 %, respectively.  Table (1) and  Fig. (3) Showed that Italian race produced the highest amount of trapped pollen during the whole year, with an average 1697 gm/colony/year. Meanwhile, Carniolan race gave an average 1346 gm/colony/year.
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Fig. ( 3 ). Monthly average of pollen grain collection gm/colony for different bee races in relation to mean temperature and relative humidity during 2004/2005.
According to Table ( 2 ), the data showed that all races recorded large amounts from maize, while recorded small amounts from pea. Italian bees collected highest amounts, 560, 480, 310, 267 and 80 gm/colony from maize, clover, broad bean, eucalyptus and pea, respectively.
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Fig. ( 4 ). Seasonal average of trapped pollen  gm/colony and percentage for different bee races during 2004/2005.

Table ( 2 ). Average amounts of trapped pollen gm/colony of the main kind of plants during the whole year 2004/2005.

	[image: image9.png]


        Pollen

Race
	Maize
	Clover
	Broad bean
	Eucalyptus
	Pea
	Total

	Italian

Carniolan
	560

470
	480

390
	310

209
	267

204
	80

73
	1697

1346


Insignificant differences between Carniolan and Italian bees in collecting the main pollen grains were found. Statistical analysis in Table ( 3 ) revealed that there were insignificant differences between the four seasons in Italian race. And, there were insignificant differences between winter and spring seasons, and between summer and autumn seasons in Carniolan race. While, there was significant difference between spring season and both of autumn and summer seasons. Also, significant difference was observed between winter and autumn seasons. But, insignificant difference was noticed between winter and summer seasons.
Table ( 3 ). Analysis of variance of average amounts of trapped pollen gm/colony in different seasons in the two races during 2004/2005.
	Season
	Italian
	Carniolan

	Autumn
	331 a
	168 b

	Winter
	464 a
	412 ac

	Spring
	521 a
	528 a

	Summer
	381 a
	238 c

	Total
	1697
	1346

	L.S.D. 5%
	217.48
	195.96

	F. Test
	1.63ns
	7.34*


           There are insignificant differences between the means with the same letters.

3.2. Daily activity of pollen collection:
Pollen loads were collected from the traps at two hours intervals on mid of every month from September 2004 to August 2005, starting from 7 a.m. till 5 p.m. From the data presented in Table ( 4 ) and Fig ( 5 ), it is evident that Italian race produced the highest amount of trapped pollen during the period from 9 to 11 a.m. with an average (26.5 gm/colony/year), representing 36.6 % during the whole year. The second highest peak was observed from 11 to 1 p.m., with an average (22.83 gm/colony/year), representing 31.5 %. In addition, the lowest peak was observed from 7 to 9 a.m., producing 6.81 gm/colony/year, representing 9.4 % for the whole year. Meanwhile, Carniolan race produced its highest amount of trapped pollen during the period from 11 to 1 p.m., with an average 21.15 gm/colony/year, representing 41 % of the total average per year. Moreover, the second peak was observed from 9 to 11 a.m., with an average 13.33 gm/colony/year, representing 25.8 %. While, the lowest amount of trapped pollen by Carniolan race was observed during the period from 7 to 9 a.m., with an average 4.54 gm/colony/year, representing 8.8 %. These results are almost similar to these obtained by Fathy et al., 1991; Arita and Fuji, 1992 and Garcia- Garcia et al., 1999.   
On the other hand, Carniolan race reached its highest activity peak from 11 to 1 p.m., and the second peak was from 9 to 11 a.m.  According to the daily activity of the two races in different months, Tables (4, 5 and 6) and Fig (5) showed that both Italian and Carniolan races collected the highest amount of pollen grains during January, with an average 18.37 and 13.66 gm/colony (8.9-18.9 C°), representing 25.3 % and 26.4 %, respectively. In addition, August was the second highest month of the amount of pollen collection in Carniolan and Italian races, with an average 11.32 and 7.43 gm/colony, with percentages 21.9 % and 10.2 %, respectively.  
Table ( 4 ). Average trapped pollen gm/colony by Italian every two hours on mid of year months during 2004/2005.
	Month
	7-9 am
	9-11
	11-1
	1-3 pm
	3-5
	Total

	September

October

November December

January

February

March

April

May

June

July

August
	0.05

0.44

0.80

0.0

0.05

0.04

1.29

0.03

0.15

1.18

1.03

1.75
	1.92

2.82

0.69

1.35

3.06

2.50

4.98

0.44

0.33

3.32

2.10

2.99
	0.38

0.52

0.53

0.03

11.13

1.09

1.58

0.86

3.94

0.98

0.86

0.93
	0.16

0.18

0.12

0.0

4.05

1.03

0.15

0.62

0.87

0.32

0.28

0.22
	0.90

1.99

0.0

0.0

0.08

0.14

0.0

0.02

1.15

1.55

0.88

1.54
	3.41

5.95

2.14

1.38

18.37

4.80

8.00

1.97

6.44

7.35

5.15

7.43

	Total/year
	6.81
	26.50
	22.83
	8.00
	8.25
	72.39


On the contrary, the lowest amount of collected pollen in Italian race was in December, with an average 1.38 gm/colony (10.7-20.6 C°), representing 1.9 %. Meanwhile, November was the lowest month in Carniolan race, with an average 0.55 gm/colony (12.5-24.1 C°), representing 1 %. In conclusion, it was noticed that the activity rate of the two races in August (24.3-35.7 C°) differed clearly from time to time during the day –in accordance with the flowering period of maize.
Table ( 5 ). Average trapped pollen (gm/colony) by Carniolan every two hours on mid of year months during 2004/2005.
	Month
	7-9 am
	9-11
	11-1
	1-3 pm
	3-5
	Total

	September

October

November December

January

February

March

April

May

June

July

August
	0.02

0.04

0.26

0.0

0.01

0.10

1.32

0.01

0.0

0.75

0.31

1.72
	0.48

0.54

0.11

1.18

1.86

0.71

2.56

0.65

0.07

2.91

1.80

0.46
	0.11

0.22

0.14

0.03

9.94

0.90

1.19

1.04

1.23

1.16

0.76

4.43
	0.05

0.10

0.04

0.0

1.79

0.36

0.13

0.83

0.73

0.15

0.25

1.69
	0.22

0.75

0.0

0.0

0.06

0.0

0.03

0.02

0.92

0.68

0.71

3.02
	0.88

1.65

0.55

1.21

13.66

2.07

5.23

2.55

2.95

5.65

3.83

11.32

	Total/year
	4.54
	13.33
	21.15
	6.12
	6.41
	51.55


To illustrate, Italian race reached its highest peak during the period from 9 to 11 a.m. After that, its activity rate declined rapidly to reach the minimum rate during the period from 1 to 3 p.m. While, Carniolan race had had two peaks; the first highest peak was during the period from 11 to 1 p.m., and the second lowest one was during the period from 3 to 5 p.m. Statistical analysis of trapped pollen of the two races on mid of the months of 2004/2005 was tabulated in Table ( 6 ) and illustrated in Fig ( 5 ). It could be concluded that there was insignificant difference between Italian and Carniolan races during the period from 11 to 1 p.m. and from 3 to 5 p.m. during the whole year. While, Italian race was significantly higher than Carniolan race during the periods from 7 to 9 a.m.& 9 to 11 a.m. and  from 1 to 3 p.m. in collecting pollen during the whole year. The activity rate of Italian race continued collecting pollen till late during the day than Carniolan during the period from 3 to 5 p.m.
These results are similar to these obtained by (El-Shakaa, 1977; Hussein, 1982 and 1983 and Shawer, 1987), they found that the amount of the collected pollen from different sources were affected by the time of the day. Abou El- Maaty, 1998  stated that the highest amount of pollen was collected during the period from 8 to 10 a.m. in August, and the lowest amount of pollen was collected during the period from 6-8 a.m. in February in El- Manzala region.
Table ( 6 ). Total amounts of pollen grains collected on mid months by the two studied races during 2004/2005.
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Time

Race
	7-9 am
	9-11 am
	11-1 pm
	1-3 pm
	3-5 pm
	Total

	Italian
	6.81±0.85
	26.50±1.27
	[image: image11.png]


22.83±3.22
	8.00±1.00
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8.25±1.22
	72.40

	Carniolan
	4.54±0.57
	13.33±0.50
	21.15±2.51
	6.12±0.45
	6.41±0.62
	51.55

	L.S.D5%
	1.23
	2.15
	5.14
	1.33
	2.05
	


Any two means not connected by the same line are significantly different at P= 0.05
[image: image4.jpg]£
£

5

15

0

tallan_0 Camiolan

79am

at1am

14pm
Time

13pm

35pm





 Fig. ( 5 ). Average trapped pollen on mid months of year by different races during    2004/2005.
Effect of temperature and relative humidity on trapped pollen on mid of months by the two races during 2004/2005.

The results represented in Table ( 7 ) indicated that there was an insignificant negative correlation between pollen collection on mid of months and mean temperature in both Italian 
and Carniolan race, the calculated '' r '' values were -0.04 and -0.14, respectively. With respect to the relative humidity (Table, 7), there was no correlation between pollen collection and relative humidity in Italian race (r = 0.00), whereas, there was an insignificant negative correlation between pollen collection on mid of months and relative humidity, (r = - 0.14)  for Carniolan race during 2004/2005.
Table ( 7 ). Effect of temperature and relative humidity on trapped pollen on mid of months by the two races during 2004/2005.
	Factor
	Correlation and simple regression
	Multi regression analysis

	
	r
	b
	P
	R2
	b. reg
	P
	E.V.%

	Italian
	Temp.
	-0.04
	-0.08
	0.805
	0.1
	-0.10
	0.798
	0.1

	
	R. H.
	0.00
	0.001
	0.999
	0.0
	0.03
	0.939
	

	Carniolan
	Temp.
	-0.14
	-0.30
	0.315
	2.0
	-0.23
	0.463
	3.2

	
	R. H.
	-0.14
	-0.35
	0.308
	2.1
	-0.27
	0.451
	


The simple regression for the effect of mean temperature on the pollen collection revealed an insignificant negative effect for Italian and Carniolan race (b = - 0.08 and - 0.30). Also, the effect of relative humidity on the pollen collection revealed an insignificant positive effect (b = 0.001 and 0.11) for Italian race, and negative effect (b = - 0.35) for Carniolan race during 2004/2005. The multi regression analysis of the effect of the weather factors (mean temperature and relative humidity) on the pollen collection by traps during mid of 2004/2005 months, showed that the common effect of the two previously mentioned factors represented by 0.1 and 3.2 % for Italian and Carniolan races respectively, on the pollen collection.

3.3 Pollen identification:
The trapped pollen at El-Baydaa village -18 Km. from Mansoura city- during the main seasons of nectar flow from September 2004 to August 2005 were identified. Besides, only five main sources of trapped pollen in large quantities collected by the different races were found. Pollen collected from the main plant sources of pollen was grouped according to the colour. Types of gathered pollen were identified and their identification was confirmed by Beekeeping Research Department. Permanent mounts of the different pollen types were prepared and photographed. Loubier et al., 1986; Kirk, 1994 and Malaspina and Patewnate, 1995.
The main plant sources of pollen could be arranged according to their importance as follows:       1- Maize (Zea maize L., Graminaceae)

Pollen grains are subspherical, light yellow colored, monoporate and operculate, size 80.5-87.5 um diameter, the single pollen have granuler and somewhat course exine surface, with a single conspicuous one germ pore. Their pollen gathered from 15/7/2005 to 10/9/2005. Fig ( 6 ).
2-  Egyptian clover (Trifolium alexandrinum L., Leguminasae)

It ranks second to zea maize as source of pollen. Their pollen gathered from 1/5/2005 to 30/5/2005. Spheroidal, prolate, tricolporate, size 23.8-17 um diameter. Pollen grains are circular, brown in colour. Two furrows each containing 16 germ pore are noticed clearly. The exine surface is reticulated. Fig ( 7 ).
          3- Eucalyptus (Eucalyptus spp., Myrtaceae):

Pollen grains are yellow colored, tricolpate, triangular, pores aspidate, 18.5-21 um. In diameter, three germ pores. Blooming period started from December to June, varied according to different species. Fig ( 8 ).
         4- Brood bean (Vicia faba L., Leguminasae):

This crop is an important pollen and nectar source during winter months and early spring. Blooming period started from 10/11/2004 to 1/3/2005. Pollen grains are grey in colour, elongated, roundly ended, prolate, axes 42.5-27.5 um., having lateral two germ pores, tricolporate with wide pore and exine reticulate. Fig ( 9 ). 

          5- Pea (Pisium sativum L., Leguminasae ):

This crop is an important pollen and nectar source during winter months and early spring. Blooming period started from 1/11/2004 to 1/3/2005. Pollen grains are orange in colour, elongated, roundly ended, having lateral one germ pore. Fig ( 10 ).
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Fig. (6). Maize (Zea maize L., Graminaceae)
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Fig. (7). Egyptian clover (Trifolium alexandrinum L., Leguminosae)

Fig. (8). Eucalyptus (Eucalyptus spp., Myrtaceae)
Fig. (9). Brood bean (Vicia faba L., Leguminosae)


Fig. (10). Pea (Pisium sativum L., Leguminosae )
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