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ABSTRACT: The effect of different feeding regimes on brood production
and population development of honey bee colonles of first hybrid of Apis
mellifera jementica (Indigenous bee) in Riyadh, Saudi Arabia had been
studied. Seven feeding regimes were carried out during dearth period,
extended from the end of September 2005 to January 2006. The feeding
regimes were protein substitutes consisted of soybean flour, pollen grains
and sugar powder plus sugar syrup (SPS); maize flour, pollen grains and
sugar powder plus sugar syrup (MPS); pollen grains and sugar powder plus
sugar syrup (PS); pollen grains and sugar powder cake only, without sugar
syrup feeding (P); Niktabol plus sugar syrup (NS); dates (agwa) plus sugar
syrup (DS); and sugar syrup 50% only (S), in addition colonles received no
treatment served as control (C). Colonles were equalized in number of
combs covered with bees and brood areas and had young fertilized queen
bees of the same age. Feeding was conducted at 10 day Intervals. The brood
production and population development were recorded at 12 day intervals. It
was shown that brood production and population development were
significantly higher in the group fed on pollen grains cake plus sugar syrup
(PS); pollen grains cake only (P) and soybean flour and pollen grains cake
plus sugar syrup (SPS), where they had (1748.38, 1642.31 and 1290.73 brood
area cm’/colony) and (5.16, 4.78 and 4.67 combs of adult bees/colony),
respectively. In conclusion, feeding colonies with cake composed of
. {soybean flour, pollen grains and sugar powder) plus sugar syrup (SPS)
promotes high brood development and colony populations without any
significant differences between the two other groups (PS and P), and can be
recommended. The other tested groups significantly did not increase brood
area and honey bee population as compared with untreated colonies.

Keywords: Honey bees, Apis mellifera jementica, feeding, protein
supplements, brood rearing, population development.

INTRODUCTION
Many colonies were lost in central region of Saudi Arabla during dearth
period due to the Inactivity of queens which are ceased egg deposition.
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Pollen is the main source of several important nutrients for honeybees.
Consequently, an adequate pollen supply is essential to ensure the long-term
survival of a colony and to maintain its productivity (Keller et al. 2005).
Feeding honey bee colonies with different pollen supplement diets based on
soybean flour, maize flour, pollen and dates have been studied on colonies
strength such as brood production and population development by many
investigators (Wallace, 1992; Chhuneja et al. 1993; Bobrzecki et al. 1994;
Szymas, 1994; Silva and Silva, 1995; Couto ef al. 1998; Hassan, 1998;
Chandel and Arun, 2000; Nabors, 2000; Abbasian and Ebadi, 2002;
Karacaoglu ef al. 2003 and Dodologlu et al, 2004).

Abou-Zaid and Abd-Alfattah (1988) monitored brood rearing during dearth
period in honey bee colonies fed with different pollen supplement diets, they
found that colonies fed with soybean meal reared most brood. While, Musa et
al. (1988) supplied local honey bee colonies with pollen substitute and sugar
syrup, their diets were based on soybean flour, dates and sugar syrup, they
found that colonies fed on soybean cake reared more brood and highest
adult populations than colonies fed on other diets followed by colonies fed
on dates. Wali and Chaudhry (1991) fed honey bee colonies with protein and
sugar supplement during dearth period in Pakistan. They found that
supplement feeding with a mixture of sugar, pollen and soybean flour
increased brood development up to 81%. Schoreit and Hussein (1993) fed
colonies of A. mellifera with sugar syrup mixed with a protein supplement
(pollen, soybean flour, agwa date and chick pea), they concluded that
colonies given 100 g supplement reared significantly more brood. They also
found that soybean flour had the greatest effect on brood rearing and honey
production foilowed by agwa dates. Abbas et al. (1995) fed honey bee
colonies each had 4 combs of brood with polien substitutes containing 55%
soybean flour, they found that After 3 months the colony contained an
average of 4.75 combsicolony, but coionies received no pollen had only 2.5
combs/colony. Hassan (1998) found that colonies fed on a diet with sugar
solutcon resulted in moderate levels of brood area and combs of bees (701.00
cm’ and 7.75 combs filled with adult bees/colony, respectively). However, the
unfed colony showed weak results of these parameters: 380.00 cm? and 6.25,
respectively. Castagnino ef al. (2004) conducted an experiment for seven
weeks, they reared A. mellifera colonies with or without a pollen substitute
provided weekly, the pollen substitutes consisted of soybean flour, maize
flour and wheat flour (1:1:1) corresponding to 24.8% protein. They found that
colonies supplied with pollen substitutes had greater brood areas (cm?) than
those without pollen substitutes. Dodologlu et al. (2004) examined the
interacting effects of two feeding regimes (sucrose syrup or 'bee cake') on
selected performance characters of honey bee (Apis mellifera) colonies in
Turkey. They found that brood area was significantly increased in colonies
that received supplementary feeding regardiess of feeding method, feeding
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colonies with sugar syrup in autumn and with bee cake and syrup in early
spring provided optimum colony bulldup for the production season.

The aim of the present study is to investigate the effect of different pollen
substitutes on brood production and population development of Apis
mellifera jementica (Indigenous bee) during dearth period under Riyadh
conditions and to find out the cheap materials available for feeding honey
bee colonies.

MATERIALS AND METHODS

Experiments were carried out on honey bee colonies (Apis meilifera
Jjementica) (Indigenous bees), during dearth period extended from September
2004 to January, 2005 at Queen Rearing and Honeybee Nuclei Production
Center, belonging to Agricultural Extension Department, Ministry of
Agriculture, located at Nmar valley, Riyadh, Kingdom of Saudi Arabia.

Preparation of honey bee colonies:

Forty honeybee colonies were chosen, each had an approximately equal
number of frames covered with bees and brood areas and had young
fertilized queen of relatively the same age. Each colony had one comb of
brood, one comb honey and polien as well as one empty comb. The combs
were covered with adult workers. The experimental colonies were divided
into eight groups, each group had five colonies which were received one of
the following feeding regimes:

1- Protein supplement consisted of soybean flour, pollen grains and
sugar powder plus sugar syrup (1:1) (SPS).

2- Protein supplement consisted of maize flour, pollen grains and sugar

powder plus sugar syrup (1:1) (MPS).

3- Protein supplement consisted of polien grains and sugar powdert plus

sugar syrup (1:1) (PS).

4- Protein supplement consisted of pollen grains and sugar powder only

(P), without sugar syrup.

5- Protein supplement called Niktabol plus sugar syrup (1:1) (NS).

6- Dates (agwa) plus sugar syrup (1:1) (DS).

7- Sugar syrup (1:1) only (S).

8- Natural feeding as check control (C).

Feeding was conducted at 10-days interval (Mladenovic et ai. 2002) with
300 grams of Soybean cake, malze cake, polien cake, Niktabol or dates (agwa)
and one liter of sugar syrup 50%. Control colonles fed naturally without any
food addition.

Preparation of different feeding regimes:
- Soybean and pollen cake (SP): Consisted of soybean flour, pollen
grains, sugar powder and water at ratio of 3: 3: 3: 1, respectively. To
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prepare the cake, an amount of soybean seeds, poilen grains and pure
cane sugar granules were ground separately at high speed blender,
mixed together in glass container and the amount of water was added to
make elastic paste. The paste was put in plastic sac and kept over night,
then cut out and 300 grams were introduced to each experimental colony
above the frames and covered with a piece of plastic.

- Maize and pollen cake (MP): Consisted of maize flour, pollen grains,
sugar powder and water at ratio of 3: 3: 3: 1, respectively. To prepare the
same procedure described for soybean pollen cake was followed.

- Polien cake (P): Consisted of mixed pollen grains, pure cane sugar and
water at ratio of 1: 1: 0.1, respectively. The procedure recorded for
soybean and pollen cake was followed.

- Niktabol (N): This powder was imported from Germany and was
purchased from beekeeping supplies store as honeybee protein
suppliement. 300 grams were cut out and introduced to each experimental
colony, it was added inside the hive above the combs and covered with a
piece of plastic sac. Niktabl is consisted of the following components:
Moisture 9.81% , Crude protein 44.39% , Ether extract 2.55% , Crude fiber
3.36% , Ash 6.21% , T. Carbohydrate (calculated) 33.60% , ME 375.0
Kcallkg and Salt As NaCl 0.14% .

- Dates (agwa) (D): This product was made in Al-Madina Al-Monawara (Al-
Madine's agwa). It was cut out and dipped in sugar syrup, then 300 grams
was introduced to each experimental colony above the frames and
covered with a piece of plastic sac.

- Sugar syrup (S): The syrup was made of pure cane sugar which is
composed of 1 part of pure sugarcane powder to 1 part of water. Each
experimental colony was provided with 1 liter in an inner feeder. Some
tree sticks were put inside the feeder for bees to stand on them during
their feed.

Honeybee colonies strength:

Brood area in cm’? and number of combs covered with adult honey bees
were studied. The brood areas were measured from both sides of each brood
comb in all experimental colonies by using a ruler. The number of combs
covered with adult bees from both sides was recorded visually for each
colony. The brood production and population development were recorded at
12 day intervals (Karacaoglu et al. 2003).
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Reproduction index (RI): was caiculated for each feeding regime at each
date of inspection according to the formula suggested by Udayagiri and
Mason (1997) with slight modifications.

area of treated - area of control
R lL= '

area of treated + area of control

The index takes a positive or negative value indicating feeding regimes
that were preferred by honey bee workers to estimate queen for oviposition
(positive value) and those that are not preferred (negative vaiue).

Experimental Design and Apalysis:

The experimental design was a completely randomized design (CRD).
Results were analyzed using SAS (SAS Institute, 1985). The general linear
modules procedure to test for differences (alpha= 0.05) and appilied the least
significant differences as a mean separation test were used.

RESULTS

1- Brood area in cm?*:

Data given in Tables (1 and 2) showed the square centimeters of brood in
the experimental colonies fed on different diet regimes. Table (1) and Fig. (1)
show brood area in colonies fed on protein cake consisted of soybean flour,
pollen grains, sugar powder and water (SPS) plus sugar syrup; (maize flour,
polien grains, sugar powder and water) plus sugar syrup (MPS); (pollen
grains, sugar powder and water) plus sugar syrup (PS); pollen grains, sugar
powder and water only (P), without sugar syrup and colonies fed naturally
without any food addition (Control, C). The square centimeters of brood at
the beginning of the experiment on September 30, 2005 were 1137.60, 765.60,
1361.80, 1215.60 and 1110.20 cm Icolony for colonies fed on (SPS), (MPS),
(PS), (P) and (C), respectively. 12 days after treatment, after one cycle of
brood production on October 12, 2005, no apparent differences were
observed between treatments and control colonies, but colonies fed on (PS
and P) had significantly more brood area (1465.60 and 1464.40 cm Icolony)
wnhout significant differences between them and colonies fed on SPS (1205
cm Icolong Colonies fed on MPS had significantly less brood area
(824.80cm”/colony) wﬁhout significant difference between them and control
group (C) (1108.40 cm i colony). On October, 24 the same trend was obtained.
After three cycles of brood production on November, 05, significant
differences between the feeding groups were observed. Colonies fed on (SPS,
PS and P) had significantly more brood area (1384.20, 1812.00 and 1755.20
cm? colony, respectively) without any differences between them. The same
trend was obtained until the end of the experiment. On January 04, 2006,
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Table (1): Brood areas (cm’/colony) after feeding the honey bee colonies on different supplementary diets
mixed with pollen grains and sugar syrup (Means £ S.E).

Inspection Feeding Regime
date SpPs™ MPS* P per pm F.value L.S.D.
ep.qp 170D TESNHAASD 101801802450 SSRGS ) gy iy gz sonas
Oct. 12 1 205.((1(())1.:; ::).SQab 824.8((303-:11 978).66 b 1465.(6:())1.:113(;?.84 a 1464:2:3894).96 a 1108.40£201.10ab  2.20 534.85
Oct. 24 1292.(1(::;::).62ab 880.2((3o 1:1‘:) 979).60 b 1553(.32.:: ;:)7.0 a 1599::1:128198).96 a 1091.80£192.36ab  2.45 575.24
Nov. 05 1384.(3’(‘))1.:12::;71ab 927.0((.)01-:01"'408).46 b 181 2((1(;1321(::;.54 a 1755:2:.1:219990).20 a 046.20 £ 133.75b  4.18 611.67
Nov. 17 1420.(1(::::).91 ab 1020.(1(; :::)1;6;94 b 191 7:.((),131;56?11 a 1873iigit;:68).18 a 031.80 £ 113.32b  4.27 658.44
Nov. 28 1471 .(i(:::g:).%ab 1113.((:.(()):;29'188).18 b 2024.:(()):?:32778?.90 a 1989.&(‘)).1;:;)2.0% 01400+ 113.76 b 3.55 786.06
Dec. 11 1541.?3:.2462:;1abc 1293.(i¢;1‘:1392:).06bc 2170.:(:):::;(:.21 a 1981 .(i(()):i.::::).‘wab 877.20 £ 37.35 ¢ 3.38 636.85
Dec. 23 1360.3(;1.::::).05ab 111 1.3(()::::).62bc 1991 (12152887:61 a 1739.5(()::::13).81ab 517.40 + 87.55 ¢ 4.25 820.08
Jan. 04 803.(1(();:4746;;83b 483.(6‘(.)0‘12::.)90 b 1437.(8:::6::13.50 a 1162.;(());3748:.72 a 310.80 + 51.58 b 4.22 669.63
Mean + S.E 1290.731218.26ab 935.49 1 234.76 b 1748.38+ 217.20 a 1642.31% 255.60 a 86753+ 13061 b  4.10 575.43

(+0.190)

(+0.031)

(+0.331)

(+0.303)

- **} SPS, soybean and pollen grains plus sugar syrup; MPS, Maize flour and pollen grains plus sugar syrup; PS, Pollen grains plus

sugar syrup; P, Pollen grains cake and C, Control (Natural feeding colonies).
- Values between brackets represent reproduction indices (RI).
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Table (2): Brood areas (m?%colony) after feeding the honey bee colonies on Niktabol and dates, each mixed

with sugar syrup and sugar syrup only (Means * S.E).

Inspection

Feeding Regimes

F

dates NS** pS* s C** vaI;Je L.S.D.
Sept. 30 885'4(‘_);111;?‘21 3 759‘4((_’: 1";6)‘97 a 903‘(’((_’;2;(;'78 2 1110.20%244.71a 046  641.76
Oct. 12 866";‘_’;1122“;"37 2 987‘2((_’;01‘,;5;'25 a 835'2:;11?)'67 2 110840+201.10a 035 628.90
Oct. 24 861‘2(‘_’; 111?;'1.2 a 784'8(‘_’:1:;1)‘25 2 681'0(‘_’0’_‘22023;'96 % 1091.80:192.36a 082  578.40
Nov. 05 855'4((_’:023'27 3 8“""(‘_’:0;?’?'94 2 850":0_:0?;?;'83 3 946.20:133.75a  0.04  684.22
Nov.17 828'0(‘_’;025‘:'55 a 954":2;;;";'59 a 928“'(‘_):0?612:;"64 ? 931.80t113.32a 005  726.85
Nov. 29 937‘?2 ;021621)‘61 a 946":2 :023'08 2 1062633237353'09 ? 914.00+113.76a 007  757.94
Dec. 11 1°64‘i%;:$5'51a 1025'(3‘% ;3:)1'893 "57'('1?) ‘;::’)7 043 g7720+37.35a 046  878.08
Dec. 23 593.4(2: 016887').09 a 800.‘:201.2211 52).74 a 943.:2 :23:29).88 3 cira0s8755a 068 70021
Jan, 04 353":20’;::42)'55 a 481 '33;;13;'32 a 451'?2: 1180:;'29 2 31080:51.58a 048  347.36
Mean  S.E 8°5'1(_10j"02')75 a 842'6(‘_’:02211‘;‘78 a 868"’(‘_’:0";3'"2 2 867.53:130.61a 002  609.03

- **) NS, Niktabol plus sugar syrup; DS, Dates plus sugar syrup; S, Sugar syrup 50% only; and C, Contro! (Natural

feeding colonies).

- Values between brackets represent reproduction indices (RI).
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Fig. (1): Brood area (cmz) after feeding the honey bee colonies on
different supplementary diets mixed with pollen grains and sugar syrup

colonies fed on PS and (P) had significantly more brood area (1748.38 and
1642.31 cm’/ colony) without significant difference between them and
colonies fed on (SPS) (1290.73 cm? colony). Colonies fed on (MPS) had
935.49 cm?/ colony, without significant difference between them and control
colonies (C), where they had 867.53 cm? colony. The same trend could be
applied for general mean obtained in Table (1), where 1290.73, 935.49,
1748.38, 1642.31 and 867.53 cm? /colony were recorded for colonies fed on
(SPS, MPS, PS, P and C, respectively) (F= 4,19, L.S.D = 575.43)

Brood area in colonies fed on Niktabol plus sugar syrup (NS), dates (agwa)
plus sugar syrup (DS), sugar syrup only (S) and controi colonies are
presented in Table (2) and Fig. (2). At the beginning of the treatment on
September 30, 2005, colonies were equal in brood areas, where they were
886.40, 759.40, 903 and 1110.2 cm* colony for colonies fed on NS, DS, S and
C, respectively without significant differences between them. The same trend
was obtained in the rest period of the experiment until the end of the
experiment on January 04, 20086, at eighth cycle of brood production. The
general mean obtained in Table (2) showed that there were no significant
differences between colonies of all feeding regimes and contro! colonies,
where they had 805.11, 842,60, 868.09 and 867.53 cmzlco|ony for colonies fed
on (NS, DS, S and C, respectively; F= 0.02, L.S.D= 609.03)
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Fig. (2): Brood areas (cmz) after feeding the honey bee colonies on
niktabol and dates, each mixed with sugar syrup and sugar syrup only

2- Combs covered with aduit honeybee workers:

The data presented in Tables (3 and 4) show the number of frames
covered with adult honey bees. Table (3) shows the number of combs
covered with honeybees in colonies fed on protein cake consisted of:
soybean fiour, pollen grains, sugar powder and water (SPS) plus sugar syrup;
maize flour, pollen grains, sugar powder and water (MPS) plus sugar syrup;
polien grains, sugar powder and water (PS) plus sugar syrup; polien grains,
sugar powder and water only (P), and control colonies (C). At the beginning
of the treatment on September 30, 2005, the number of combs covered with
adujt bees from both sides was 3.40, 2.80, 3.60, 4.00 and 3.60/colony for
colonies fed on SPS, MPS, PS, P and C, respectively without significant
differences between them. The same trend was obtained after 12 days at the
first cycle of bee production on Oct. 12, 2005. Differences were found
between treatments at second cycle on Oct. 24, 2005. At this time, colonies
fed on PS had significantly more combs covered with bees (4.80
combs/colony), with no significant difference between them and those fed on
SPS (4.40 combs/colony) or P (4.20 combs/colony). Colonies fed on MPS or
control colonies had significantly less number of combs covered with adult
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Table (3): Number of combs covered from both sides with adult bees after feeding the honey bee colonies
on different supplementary diets mixed with polien grains and sugar syrup (Means * S.E).

Inspection

Feeding Regimes

F.

dates SPS** MPS** ps* p c~ vaiue L.S.D.
Sep. 30 3'4((_’;0“2‘:;’ a 2‘8((_’:1(;:)7 a 360 :(to?"w a 4'0((_’:0%;; 2 360t024a 094 1.332
Oct. 12 3'72::5':; a 3"’(‘_’:0(;':)2 a 4"‘:2 : 10:;2;’ a 4'(:3 oi. 1"1':; 2 320:020a 138 1.279
Oct. 24 4‘4&:_(1"5480) a  3.20 fo‘;'“ b 4'8(°+:_g;‘;° a 4'2&;(1’:; b 320+020b 287 1.265
Nov. 05 5'43:_2:68) ab 3'8&;‘1"15; be 5'?2:306:)4 a 52:1;2:; b 300:000c 433 1.616
outr SO0I0SH SEi0SE  SE0LMa MMM ool 4k e
Nov. 29 5"‘;2:20!‘;:)7 2 3"‘:: &ﬁf b 5'72:.3062; a 5"‘;2;:&:;’ 2 300£000b 505 1.504
Dec. 11 52&;2% ab 3’8&‘:.2:; be 6'(:2;3%;)5 a 5":2;307'2;; 3 260t024c  B17  1.493
Dec. 23 50&3_2::, ab 44:1;2?; be 6‘(:2;3062)2 a 5'°?+§-gf; b 320:037c 376  1.561
Jan. 04 4'?2;2053)7 a 4‘720*::;;;’ a 5‘?2;301':;” a 4":2;205;:)7 d  260£0.24b 457 1.332

Mean + S.E 4‘6(7+:_g'1407) ab 3'6(4+:_g'8574) be 5'1:;:5:;’ a 4'75:'2'2702) 3 304%047¢ 392 1310

- **} SPS, soybean and polien grains plus sugar syrup; MPS, Maize flour and polien grains plus sugar syrup; PS, Pollen

grains plus sugar syrup; P, Pollen grains cake and C, Control (Natural feeding colonies).
- Values between brackets represent reproduction indices (RI).
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Table (4): Number of combs covered from both sides with adult bees after feeding the honey bee colonies

on Niktabol and dates, each mixed with sugar syrup and sugar syrup only (Means + S.E).

Inspection

Feeding Regimes

F.

dates NS** DS* g c value L.S.D.
Sep. 30 3'0('_’0’_‘0(;'13)2 a 2‘8&%102':)7 a 2'6((_’;1%:)1 a 3600242 133 1122
Oct. 12 3'8(0:5_2?)7 a 3‘0(‘_’;1%:)2 2 3.20 fo‘)"se a 3.20£0.20a 077  1.180
Oct. 24 3.20 fo‘)""‘g a 3'?2::5‘;;) a 3'?2:005_;;)5 a 3.20£0.20a 021  1.499
Nov. 05 4"23: 32)5 a 3'8(2:_ 101";? a 3.00 :(to‘)"" a 3.00 £ 0.00 a 0.97  1.601
Nov. 17 3":‘:;00;;) a 3":2; 1"1“;? a 3":&:&;;5 a 3.00£0.00a 0.49 1469
Nov. 29 3'7201.-006:; 3 3'8(203':101‘:? a 3'?3 ot_oos'?? a 3.00£0.00 2 0.49  1.469
Dec. 11 3"2::3; a 3":2 o’f 115'2;’ a 3":2 0*_ 105'2)8 a 2.60£0.24a 0.80  1.601
Dec. 23 3'433_3';1 2 3'?2:_&:)7 a 3'.‘:‘::- 105'2;’ a 3.20£0.37a 0.27  1.499
Jan. 04 3“:20*_:6'3; a 3":3 :_007;:1")2 a 3'?‘: : 105':; a 2604024 a 116 1.236

Mean + S.E 3"35_&2? a 3"21 ::;? 2 3'323_336 a 3.04£0.17 a 0.22  1.282

- **) NS, Niktabol plus sugar syrup; DS, Dates plus sugar syrup; S, Sugar syrup 50% only; and C, Control {Natural

feeding colonies).
- Values between brackets represent reproduction indices (RI).
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bees, where they both had 3.20 combs/colony. The same trend was obtained
until the seventh cycle of bee production on Dec. 23, 2005. At the end of the
experiment on January 04, 2006 no significant differences were noticed in
number of combs covered with adult bees in colonies fed on different
regimes, but significant difference was found between these groups and
control colonies (C). The general mean obtained in Table (3) showed that
colonies fed on PS had significantly more combs of adult bees (5.16
combs/colony) without significant differences between them and colonies
fed on SPS and P, where they had 4.67 and 4.78 combs/ colony. On the other
hand, colonies fed on MPS had less number of combs covered with adult
bees (3.64 combs/colony) without significant difference between them and
control colonies (3.04 combs/colony, Fig. 3), (F= 3.92, L.S.D= 1.310).

Population development in colonies fed on Niktabol plus sugar syrup (NS},
dates (agwa) plus sugar syrup (DS), sugar syrup only (S) and control
colonies are presented in Table (4) and Fig. (4). As shown in this table, all the
experimental colonies were the same strength, without significant
differences between them at the beginning of treatment. The same trend was
obtained until the end of the experiment on January 04, 2006. General mean
showed that there were no significant differences between all the feeding
regimes and control colonies, where the mean number of combs covered
with adult bees was 3.47, 3.47, 3.36 and 3.04 combs/colony for colonies fed
on NS, DS, S and C, respectively (F= 0.22, L.S.D=1.282).

@SPS UMPS EPS OF @C
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o
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RO N ]
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Date of ingpection

Fig. (3): Number of combs cavered from both sides with adult bees after
feeding honey bee colonies on different supplementary diets mixed with
polien grains and sugar syrup
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Fig. (4): Number of combs covered from both sides with adult bees
after feeding honey bee colonies on niktabol and dates, each mixed
with sugar syrup ans syrup only
DISSCUSSION

The present findings were found in agreement with Al-Ghamdi (2000) who
reported that polien supplementary feeding increased the population density
and brood rearing areas during summer in Riyadh, K.S.A. The findings were
also in agreement with those of El-Sarrag (1988) who found that brood
rearing activity of A. mellifera sudanensis increased during autumn and
winter rather than in summer. The present resuits agree with Abou-Zaid and
Abd-Alfattah (1988) found that colonies fed on soybean meal reared most
brood. Musa et al. (1988) found that colonies fed on soybean cake reared
more brood and gave the highest adult populations than colonies fed on
other diets. Wali and Chaudhry (1991) found that supplement feeding with a
mixture of sugar, pollen and soybean flour increased brood development up
to 81%. Schoreit and Hussein (1993) concluded that soybean flour had the
greatest effect on brood rearing and honey production followed by agwa
dates. The obtained results were also in agreement with Szymas (1994) who
found that feeding colonies with pollen substitutes in spring promoted early
development and in autumn bees fed on pollen substitutes had larger
hypopharyngeal glands and fat bodies. Szymas and Przybyl (1995) found that
colonies fed on soybean had brood area double that of colonies not fed with
pollen or sugar. Hassan (1998) found that colonies fed on a diet with sugar
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solution resulted in moderate levels of brood area and combs of adult bees
(701.00 and 7.75, respectively). Castagnino et al. (2004) found that colonies
supplied with the pollen substitute had greater brood areas than those which
were not supplied with the pollen substitute. The present results were in
agreement with Mladenovic et al. (2002) who found that feeding with sucrose
syrup (1:1 sucrose : water) did not increase the brood area and bee
population.

From the fore-mentioned results, it could be concluded that
supplementary pollen cake is very important for feeding honey bees in
central region of Saudi Arabia as it encouraged the honey bee colonies Apis
mellifera jementica (Indigenous bee) to perform better in rearing brood which
resulted in high colonies population densities and pass winter season
successfully.

Soybean cake made from soybean flour, pollen grains, sugar powder and
water is recommended as protein supplement for feeding honey bee colonies
during dearth period under Riyadh conditions. This cake is consisted of
cheap materials and commercial beekeepers whom have thousands of
colonies can easy made it and they can save the amounts of pollen if they
made pollen cake that consisted of pollen grains, sugar powder and water.
Finally, there were no significant differences between colonies fed on
soybean cake and pollen cake in brood production and population
development. Feeding honey bee colonies during this period with sugar
syrup (1:1) is also recommended.
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