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Research on optimal level of calcium and phosphorus in
pollen substitutes
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Abstract In order to determine the optimal levels of calcium and phosphorus required in pollen substitutes, different
levels of CaCO; and NaH,PO, * H,O were added to the pollen substitutes provided to experimental colonies of Apis
mellifera ligustica Spinola. 70 A. mellifera ligustica colonies of equal size, queen quality and age were randomly allocated
to 14 treatment groups (5 replications of each group) . The 14th group was fed pure rape pollen (control treatment) , the
13th group was fed diets with no CaCO, and NaH,PO, * H,0 (negative control treatment) , and the others were fed pollen
substitutes with different levels of CaCO, and NaH,PO, * H,0 (groups 1 —12) . The trial ran from spring to the end of the
honey locust flow. The total intake of each colony, the overall honeybee population and the emergence weight and mineral
content of adult honeybees, were monitored during the trial period. Regression analysis was used to determine the optimal
levels of CaCO, and NaH,PO, ¢ H,0. The results show that maximal values of total intake for colonies, total population
size and emergence weight can be obtained at a dosage of O calcium and 0. 65% phosphorus. In conclusion, there is the
positive correlation between the calcium content of adult honeybees and the level of calcium and phosphorus in pollen
substitutes, but no such relationship exists for phosphorus.
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Table 1 Composition and nutrient levels of experimental diets (air dry basis) (%)
) Kb Treatments
I H Items
A B C D E F G
Ji Bl Ingredients
E K Corn 12. 00 12. 00 12. 00 12. 00 12.00 12.00 12. 00
Tl Soybean mea 30. 00 30. 00 30. 00 30. 00 30. 00 30. 00 30. 00
Wy B 1 Peanut gluten meal 10. 00 10. 00 10. 00 10. 00 10. 00 10. 00 10. 00
A 0B White sugar 34.99 36. 02 34.53 33.52 31.87 35. 14 33.62
W3Z 4K Rape pollen 10. 00 10. 00 10. 00 10. 00 10. 00 10. 00 10. 00
NaH,PO, « H,0 1.04 2.31 0.091 1.22 2.95 0.73 1.99
CaCO, 0 0. 875 1.00 1.125 1.25 1.375 1.50
R A Premix' 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Pi4 7] Antioxidant 0.10 0.10 0.10 0.10 0.10 0.10 0.10
FrEE R 89 Sodium citrate 0.50 0.50 0.50 0.50 0.50 0.50 0.50
&3 Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
B FE K Nutrient levels
GE/(MJ/kg) 19.52 19.70 19.51 19. 26 18.97 19.55 19.28
Ccp 24.94 24.94 24.94 24.94 24.94 24.94 24.94
Ca 0.10 0.45 0.50 0.55 0. 60 0. 65 0.70
P 0.43 0.71 0.22 0.57 0. 85 0.36 0. 64
A B Treatments
I H Items
H I J K L M N
J7 B} Ingredients
E K Corn 12. 00 12. 00 12. 00 12. 00 12. 00 12. 00 0
T} Soybean mea 30. 00 30. 00 30. 00 30. 00 30. 00 30. 00 0
16 2E 4y B A Peanut gluten meal 10. 00 10. 00 10. 00 10. 00 10. 00 10. 00 0
A 0B White sugar 35.27 32.53 31.56 33.61 32.35 36.50 0
316 #) Rape Pollen 10. 00 10. 00 10. 00 10. 00 10. 00 10. 00 99. 40
NaH,PO, « H,0 0 1.36 2.63 0.41 1.68 0 0
CaCo, 1.63 1.75 1. 87 2.00 2.12 0
ekl Premix' 0.50 0.50 0.50 0.50 0.50 0.50
P AL F] Antioxidant 0.10 0.10 0.10 0.10 0.10 0.10 0.10
A5 2 4 Sodium citrate 0.50 0.50 0.50 0.50 0.50 0.50 0.50
4 1 Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
B FE /K Nutrient levels
GE/ (MJ/kg) 19. 57 19. 16 18.92 19.28 19. 04 19. 85 18.35
Ccp 24.94 24.94 24.94 24.94 24.94 24.94 24.94
Ca 0.75 0. 80 0. 85 0.90 0.95 0.10 0.20
P 0.50 0.78 0.29 0.27 0.57 0.20 0.20

VTR R AT 4 T T A BHE L VA 5000 TU; VB, 5.4 mg; VB, 6 mg; VC 265.4 mg; VE 240 mg; VD 2 000 1U; VB, 7 mg;

1% 20 mg; MR 18 mg; JLEE 318 mg; Zn 7.20 mg; Fe 89.48 mg; Mg 1.25 mg.

MR .

'The premix provides following per kg of diet: VA 5 000 IU; VB, 5.4 mg; VB, 6 mg; VC 265.4 mg; VE 240 mg; VD 2 000 IU;
VB, 7 mg; folic acid 20 mg; niacin 18 mg; inositol 318 mg; Zn 7.20 mg; Fe 89.48 mg; Mg 1.25 mg. The same below.
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Fig.1 Influence of calcium and

phosphate on total intake
X, AR AR S s (%) 5 X, AR H 16k v 8 s n
B (%) V: B REE (kg o
X, : amount of calcium in pollen substitutes (%) ; X, :
amount of phosphate in pollen substitutes (%) ;Y: total

intake of colony (kg) .
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Fig.2 Partial regression plot about X, and Y
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X, : amount of calcium in pollen substitutes;

Y: honeybee population (colony) .
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Fig.3 Partial regression plot about X, and Y
DO AR T e G
amount of phosphate in pollen substitutes;

X,
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Y: honeybee population (colony) .
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-0.00642X, +0.00643X, +0.10637; F =8.58, R
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Fig.4 Influence of calcium and

phosphate on the birth weight

X, ACHAER 5 s B (%) 5 X, A4S 76 K b i 3 o
(%) V948 (107 ke) o

X,: amount of calcium in pollen substitutes (%) ; X, :

amount of phosphate in pollen substitutes (%) ; Y: the

birth weight (10 ~* kg) .
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Table 2 Amount of calcium in adualt honeybee

4k ¥ W A% P9 A5 1) 5 ik (o)
Treatments Amount of calcium in adult honeybee
A 1.484 +0.024d
B 2.441 £0.039a
C 1.751 £0.021be
D 1.627 +0.042¢
E 1.540 £0. 023cd
F 1.614 £0.037cd

G 1.787 0. 047bc

4k #7 W A N ) 5 i (o)
Treatments Amount of calcium in adult honeybee
H 1.929 +0.057b
I 1. 871 £0. 150bc
J 2.281 +0.079a
K 1. 665 +0.077he
L 1.643 0. 013bc
M 0.890 £0.091¢
N 0.8902 +0. 118¢

VE R AR mean + SD, W SR 5 bR A A ) O AN B R 2 B R §

0.01) » %3 [,

B (P>0.00) , ARAFHAREREF (P<

Data are mean = SD, and followed by the same letters in the same column indicate no significant difference at 0.01 level, and

followed by the different letters in the same column indicate significant difference at 0. 01 level. The same for Fig. 3.
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Wb SRR AT I A3 A R IR 30 XA 1
Al BEAT Z2 S0 R A 73 A 45 P =0. 8024, i Wt 7.
(K122 JE IRl J5 R BAT vk 2 o Bl 2 [ AT

P g, A S Al 2 A s 5, B AL B 3 T L
4N 41 (ekr dl) W8T b4 Bt WA R R
L P 85 Tl ) At 5 Wl 7 068 A P RO I
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Table 3 Amount of phosphate in adult honeybee

4k 7 WA A PAY AR £ 555 2 (%0)

Treatments Amount of phosphate in adualt honeybee

Ak H W A N B 1) 5 it (o)

Treatments Amount of phosphate in adult honeybee

A 7.799 £0.363bcde

H 8.175 £0.297bc

B 13. 688 +0. 742a I 6.703 0. 330ed
c 7.371 £0. 324bcde J 8.457 £0. 101b
D 8.234 £0. 369hc K 6.489 0. 520e
E 6.617 £0. 647 L 8.052 +0. 446hcd
F 6.876 0. 574bcde M 6.852 0. 247cde
G 8.506 +0.224h N 7.195 0. 456bcde
3 i (1994) ] I8 B 4F E W02 T Y L& S m e i

By 5y vt o 2 — B A B R 56 v ok Oy vk 2
BT E ) BT TR B R RER R TS
TFZE A 0 AE 20 {1 22 Bk 50 K ) R I A% 3
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WA FIEAG . w2 N EZ KPR
B vl i, &7 vE T & R EE R B T e
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R [A] U 77 F2: YV = = 0.00642X, + 0.00643X, +
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5 Tl VAN I A o
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