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ABSTRACT

There have been many attempts to reduce the loss of Indian honey bee Apis cerana (F) colonies during the 
dearth period by supplementing nectar feeding substitutes. An experiment on development and evaluation 
of nectar feeding substitutes was conducted at an apiary maintained at the Division of Entomology, 
SKUAST-K, Shalimar from July to September during 2020-21. Syrup containing apple juice, sugar and 
mixture of both were evaluated as a diet supplement to develop an efficient feeding substitute. These include: 
T1- apple juice and sugar in the ratio of 1:1; T2- apple juice and sugar in the ratio of 1.5:1; T3-  apple juice 
alone and T4-  sugar syrup in the ratio of 1:1 and compared with T5 natural feeding to determine their 
impact on desirable attributes of colonies. A gradual increase in the colony performance index (CPI), 
space covered by eggs (sq cm), larvae (sq cm) and pupae (sq cm) was observed, which were maximum with 
apple juice and sugar in the ratio of 1.5:1 viz; CPI (13.28); space covered by eggs (204.25 sq cm); larvae 
(296.12 sq cm); pupae (484.41 sq cm). All parameters were found to be least in T5 (natural feeding). Thus, 
apple juice and sugar in the ratio of 1.5:1 (T2) was the best nectar feeding substitute. 

Key words: Apis cerana, feeding substitutes, apple juice, brood, carbohydrate, sugar, colony performance index, 
dearth period, egg laying, supplements, egg, larvae, pupae, space coverage 

Over the world, almost every place has specific 
period when there is dearth of floral resources for 
honey bees (Prakash et al., 2007). Carbohydrates act as 
a stimulus to expand their colony and to spend active 
life (Javaheri et al., 2000) and their shortage results in 
reduction in the brood rearing (Pokhrel et al., 2006; 
Pande and Karnatak, 2013). Providing colonies with 
supplementary feeding helps to tide over dearth period 
(Pernal and Currie, 2001; Kalev et al., 2002; Neupane 
and Thapa, 2005; Prakash et al., 2007). Optimum 
population during dearth period ensures colony’s 
early buildup and more foragers during subsequent 
honey-flow time to produce more honey (Somerville 
and Collins, 2007; Sihag and Gupta, 2013). It has been 
reported that rice bran, buckwheat powder, soybean 
in different forms, germinated pulses powder, sweet 
pumpkin, turnip, malus and temperate fruits are used 
to feed bees during off-season (Pande et al., 2011; 
Pande and Karnatak, 2013; Pande and Karnatak, 2014). 
Feeding bees with fruits, vegetables or cereals rich 
in carbohydrates, proteins, minerals and fats can be 
advantageous (Pande and Karnatak, 2013). This study 
evaluated some nectar substitutes in this regard.

MATERIALS AND METHODS

This study was undertaken at an apiary maintained 
at the Division of Entomology, Faculty of Horticulture, 
SKUAST-K, Shalimar from July to September during 
the year, 2020-21. Twenty honey bee colonies of 
Apis cerana (10 frame strength) were evaluated. The 
beehives were made of homogenous material and were 
of same dimensions. Honey bee colonies were provided 
by the four nectar substitutes viz., T1; apple juice and 
sugar in the ratio of 1:1, T2; apple juice and sugar in the 
ratio of 1.5:1, T3; apple juice only and T4; sugar syrup in 
the ratio of 1:1. In T5 (control), no nectar substitute was 
provided and colonies were allowed to feed naturally. 
The experiment was conducted in randomized complete 
block design and each treatment was replicated four 
times. Feeding substitutes (@ 200 ml/ hive) were 
provided at an interval of 21 days by placing them 
inside the hive after filling the syrups in plastic feeders 
of dimension of (14x 12”) with floating dry leaf twigs 
so that the bees may not get drowned in the syrup. 
Observations were recorded on colony performance 
index (CPI) as per the tool proposed by Punchihewa 
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(1994), space covered by eggs, larvae and pupae (sq 
cm) before treatment and on 3rd, 5th, 7th, 9th, 15th and 21st 

day after feeding/ treatment. The space (sq cm) covered 
by eggs, larvae and pupae in the combs was measured
with the help of wire grid device; 8x8cm (Pande et al.,
2015). Data were subjected to ANOVA using OP STAT 
software with means compared at p≤ 0.05.

RESULTS AND DISCUSSION

All the feeding supplement treatments reveal 
profound effect on colony performance index, 
egg laying and brood rearing (larvae and pupae) 
thereby, holding the opinion that carbohydrate is an 
indispensable food. After first feeding supplement, the 
maximum CPI was recorded in bee colonies provided 
with nectar feeding substitute, T2; Apple juice and sugar 
in the ratio of 1.5:1 (12.09), followed by T1; Apple juice 
and sugar in the ratio of 1:1 (10.57). Almost similar 
trend was found during second feeding. During first 
feeding, CPI was almost similar at the beginning, but 
a significant increase was observed after feeding on all 
the combinations of substitutes. This is supported by 
the findings of Vergheese and Prasad (1980). Increase in 
activity of foragers and subsequent increment in brood 
area in the hive due to addition of feeding substitutes 
was also reported by Pande and Karnatak (2013), Pande 
et al. (2014) and Pande et al. (2015). After first bee 
supplement feeding, maximum egg laying was recorded 
in colonies provided with nectar feeding substitute, 
T2; Apple juice and sugar in the ratio of 1.5:1 (159.25 
sq cm), followed by T1; Apple juice and sugar in the 
ratio of 1:1 (150.54 sq cm), while the minimum was 
in T5; natural feeding (93.75 sq cm) followed by T3; 
Apple juice alone (131.95 sq cm) and T4; Sugar syrup 
in the ratio of 1:1 (141.75 sq cm). Similar trend was 
found during second feeding. During first feeding, 
egg laying was almost similar at the beginning, but a 
significant increase was observed after feeding on all 
the combinations of nectar substitutes throughout the 
trial period (Table 1).

The maximum space covered by larvae was recorded 
in colonies provided with nectar feeding substitute, T2; 
Apple juice and sugar in the ratio of 1.5:1 (250.04 sq 
cm), followed by T1; Apple juice and sugar in the ratio 
of 1:1 (242.79 sq cm). Similar trend was found during 
second feeding. The maximum space covered by pupae 
was recorded in colonies provided with nectar feeding 
substitute, T2; Apple juice and sugar in the ratio of 1.5:1 
(437.58 sq cm), followed by T1; Apple juice and sugar 
in the ratio of 1:1 (429.95 sq cm). Similar trend was 
found during second feeding (Table 1). The reason for 

the varied increase in egg laying and brood area could be 
explained by different nutritional status, consistency and 
flavor of feeding substitutes as advocated by Dodologlu 
and Emsen (2007). These results are in conformation 
with Standifer et al. (1978), Abbas et al. (1995) and 
Pesante et al. (1992). Chhuneja et al. (1993) reported 
that adequate food supplements initiated healthy 
colony multiplication and development throughout the 
dearth period when there was scarcity of natural food 
supplements. Neupane and Thapa (2005) reported that 
honey bee colonies when supplemented with banana 
and pumpkin syrup increased brood cells. Pande and 
Karnatak (2013) too reported increase in brood area of 
honey bee colonies when juices of different temperate 
fruits were utilized for off-season dietary management. 
Pande et al. (2014) also reported moderate increment 
in brood area when colonies were supplemented with 
germinated pulses as a pollen substitute during the 
dearth period. Pande et al. (2015) reported increase in 
brood area when bees were supplemented with different 
fruit syrups.

ACKNOWLEDGEMENTS

This research work was conducted by the student 
in her thesis research work and the advisory members 
timely guided the student. DST is acknowledged for 
funding the project. 

 AUTHOR CONTRIBUTION STATEMENT

Bismat un Nisa is the main author and completed 
her research under the guidance and mentorship of Dr. 
Muneer Ahmad Sofi. 

CONFLICT OF INTEREST

No conflict of interest.

REFERENCES

Abbas T, Hassan A, Ali R. 1995. Black gram as a pollen substitute for 
honey bee. Animal Feed Science and Technology 54(1-4): 357-359. 

Chhuneja P K, Brar H S, Goyal N P. 1993. Studies on some pollen 
substitutes fed as moist patty in Apis mellifera L. colonies effect on 
colony development. Indian Bee Journal 55(3/4): 19-25. 

Dodologu A, Emsen B. 2007. Effect of supplementary feeding on honey 
bee colony. Journal of Applied Animal Research 32: 199-200. 

Javaheri S D, Esmaili M, Nkkhaohi A, Mirhadi S A, Tahnasebi H. 2000. 
Honey bees with protein supplement and pollen substitute and 
its effects on development and resistance of honey bee colonies 
and honey production. 7th IBRA Conference/5thAAA Conference, 
Changmai, Thailand, 2000. 76 pp.  

Kalev H, Dag A, Shafir S. 2002. Feeding pollen supplements to honey 
bee colonies during pollination of sweet pepper in enclosures. 
American Bee Journal 142(9): 675-679.



Nectar feeding and dearth period management in Indian honey bee Apis cerana (F)    3 
Bismat UN Nisa et al.

Ta
bl

e 
1.

 E
ffe

ct
 o

f n
ec

ta
r f

ee
di

ng
 su

bs
tit

ut
es

 o
n 

th
e 

co
lo

ny
 p

er
fo

rm
an

ce
 in

de
x 

(C
PI

) a
nd

 b
ro

od
 re

ar
in

g 
of

 A
. c

er
an

a 
(J

ul
y-

 S
ep

te
m

be
r, 

20
20

)

Tr
ea

tm
en

ts
Pa

ra
m

et
er

s 
Fe

ed
in

g 
Ist

Fe
ed

in
g 

2nd

Po
ol

ed
 

m
ea

n
B

ef
or

e 
 

tre
at

m
en

t
3rd

 D
AT

5th
 D

AT
7th

 D
AT

9th
 D

AT
15

th
 D

AT
21

st
 D

AT
M

ea
n

B
ef

or
e 

tre
at

m
en

t
3rd

 D
AT

5th
 D

AT
7th

 D
AT

9th
 D

AT
15

th
 D

AT
21

st
 D

AT
M

ea
n

T 1 (
A

pp
le

 
ju

ic
e 

+ 
su

ga
r, 

1:
1)

C
ol

on
y 

pe
rf

or
m

an
ce

 
in

de
x 

(C
PI

)
3.

60
8.

83
9.

37
10

.1
1

10
.8

5
11

.8
2

12
.4

4
10

.5
7

12
.4

4
12

.9
2

13
.1

5
13

.3
5

13
.5

4
13

.6
5

13
.9

1
13

.4
2

11
.9

9

Sp
ac

e 
co

ve
re

d 
by

 e
gg

s (
cm

2 )
11

0.
00

11
8.

00
12

8.
00

14
1.

75
15

2.
75

17
1.

25
19

1.
50

15
0.

54
19

1.
50

19
8.

00
20

6.
25

21
7.

50
22

7.
50

24
6.

50
26

4.
00

22
6.

62
18

8.
58

Sp
ac

e 
co

ve
re

d 
by

 la
rv

ae
 (c

m
2 )

20
5.

00
20

9.
50

22
1.

75
23

4.
50

24
6.

00
26

2.
50

28
2.

50
24

2.
79

28
2.

50
29

1.
50

29
8.

00
31

0.
75

32
0.

50
33

6.
25

35
6.

75
31

8.
95

28
0.

87

Sp
ac

e 
co

ve
re

d 
by

 p
up

ae
 (c

m
2 )

40
5.

00
40

7.
50

41
1.

50
41

7.
75

42
8.

00
44

7.
75

46
7.

25
42

9.
95

46
7.

25
47

6.
75

48
7.

00
49

8.
00

50
9.

75
52

7.
50

54
8.

00
50

7.
83

46
8.

89

T 2 (
A

pp
le

 
ju

ic
e 

+ 
su

ga
r, 

1.
5:

1)

C
ol

on
y 

pe
rf

or
m

an
ce

 
in

de
x 

(C
PI

)
3.

63
10

.2
8

11
.4

8
12

.1
5

12
.2

4
12

.8
6

13
.5

4
12

.0
9

13
.5

4
13

.9
0

14
.0

5
14

.4
0

14
.6

4
14

.8
8

14
.9

2
14

.4
7

13
.2

8

Sp
ac

e 
co

ve
re

d 
by

 e
gg

s (
cm

2 )
10

9.
00

12
2.

75
13

4.
75

14
7.

50
16

2.
50

18
3.

50
20

4.
50

15
9.

25
20

4.
50

21
5.

50
22

6.
25

23
8.

25
25

1.
50

27
1.

50
29

2.
50

24
9.

25
20

4.
25

Sp
ac

e 
co

ve
re

d 
by

 la
rv

ae
 (c

m
2 )

20
4.

00
21

2.
75

22
5.

50
23

8.
50

25
3.

50
27

2.
50

29
7.

50
25

0.
04

29
7.

50
30

8.
75

32
0.

00
33

1.
00

34
4.

00
36

4.
00

38
5.

50
34

2.
20

29
6.

12

Sp
ac

e 
co

ve
re

d 
by

 p
up

ae
 (c

m
2 )

40
4.

00
40

8.
25

41
5.

00
42

3.
50

43
7.

75
45

8.
00

48
3.

00
43

7.
58

48
3.

00
49

4.
25

50
6.

50
51

9.
50

53
4.

00
55

4.
75

57
8.

50
53

1.
25

48
4.

41

T 3 (
A

pp
le

 
ju

ic
e 

al
on

e)

C
ol

on
y 

pe
rf

or
m

an
ce

 
in

de
x 

(C
PI

)
   

 3
.4

2
6.

31
6.

64
6.

04
6.

23
6.

91
7.

54
6.

61
7.

54
7.

89
8.

11
8.

37
8.

53
8.

66
8.

92
8.

41
7.

51

Sp
ac

e 
co

ve
re

d 
by

 e
gg

s (
cm

2 )
11

0.
00

11
3.

50
11

8.
50

12
5.

50
13

2.
75

14
3.

00
15

6.
50

13
1.

95
15

6.
50

16
1.

25
16

6.
00

17
1.

75
17

8.
75

18
8.

00
20

2.
50

17
8.

04
15

4.
99

Sp
ac

e 
co

ve
re

d 
by

 la
rv

ae
 (c

m
2 )

20
5.

00
20

6.
25

21
2.

50
21

8.
00

22
6.

50
23

7.
00

25
1.

50
22

5.
29

25
1.

50
25

6.
50

26
1.

00
26

7.
50

27
3.

50
28

3.
50

29
6.

50
27

3.
08

24
9.

18

Sp
ac

e 
co

ve
re

d 
by

 p
up

ae
 (c

m
2 )

40
4.

00
40

5.
75

40
7.

75
41

1.
00

41
9.

00
42

9.
50

44
2.

50
41

9.
25

44
2.

50
44

5.
00

45
0.

50
45

6.
75

46
3.

00
47

3.
00

48
6.

00
46

2.
37

44
0.

81

T 4 (
Su

ga
r 

sy
ru

p)

C
ol

on
y 

pe
rf

or
m

an
ce

 
in

de
x 

(C
PI

)
3.

54
8.

15
9.

01
9.

22
9.

44
10

.1
3

10
.8

9
9.

47
10

.8
9

11
.2

4
11

.3
7

11
.5

4
11

.6
4

11
.9

4
12

.0
3

11
.6

3
10

.5
5

Sp
ac

e 
co

ve
re

d 
by

 e
gg

s (
cm

2 )
11

0.
00

11
5.

50
12

5.
50

13
3.

50
14

3.
50

15
8.

50
17

4.
50

14
1.

75
17

4.
50

18
1.

75
18

8.
00

19
5.

75
20

5.
50

21
7.

50
23

4.
75

20
3.

87
17

2.
81

Sp
ac

e 
co

ve
re

d 
by

 la
rv

ae
 (c

m
2 )

20
4.

00
20

8.
00

21
6.

75
22

6.
00

23
6.

00
24

9.
00

26
7.

50
23

3.
87

26
7.

50
27

3.
00

28
2.

50
29

1.
50

30
1.

50
31

5.
50

33
2.

50
29

9.
41

26
6.

64

Sp
ac

e 
co

ve
re

d 
by

 p
up

ae
 (c

m
2 )

40
5.

00
40

6.
25

41
0.

75
41

6.
00

42
6.

50
43

9.
75

45
7.

50
42

6.
29

45
7.

50
46

3.
00

47
2.

00
48

1.
50

49
1.

00
50

4.
75

52
2.

50
48

9.
12

45
7.

70

(c
on

td
.)



4     Indian Journal of Entomology Online published Ref. No. e24654 Research Communication

T 5 (
na

tu
ra

l 
fe

ed
in

g)
 

C
on

tro
l

C
ol

on
y 

pe
rf

or
m

an
ce

 
in

de
x 

(C
PI

)
3.

72
3.

52
3.

33
3.

25
3.

23
3.

06
3.

04
3.

24
3.

04
3.

07
3.

13
3.

18
3.

25
3.

31
4.

17
3.

35
3.

29

Sp
ac

e 
co

ve
re

d 
by

 e
gg

s (
cm

2 )
11

0.
00

10
5.

00
10

0.
75

94
.5

0
91

.0
0

87
.5

0
84

.0
0

93
.7

5
84

.0
0

85
.5

0
87

.2
5

89
.2

5
91

.5
0

95
.5

0
10

0.
00

91
.5

0
92

.6
2

Sp
ac

e 
co

ve
re

d 
by

 la
rv

ae
 (c

m
2 )

20
4.

00
20

0.
00

19
4.

00
18

8.
50

18
3.

25
17

8.
00

17
2.

75
18

6.
08

17
2.

75
17

3.
50

17
4.

30
18

4.
00

18
5.

75
19

0.
25

19
6.

50
18

4.
05

18
5.

06

Sp
ac

e 
co

ve
re

d 
by

 p
up

ae
 (c

m
2 )

40
5.

00
40

0.
50

39
7.

00
39

3.
00

38
9.

25
38

5.
50

38
1.

75
39

1.
16

38
1.

75
38

3.
00

38
5.

50
38

7.
50

38
8.

50
39

2.
75

39
6.

00
38

8.
87

39
0.

01

C
D

 (p
≤ 

0.
05

)
C

D
 (p

≤ 
0.

05
)

Tr
ea

tm
en

t
C

ol
on

y 
pe

rf
or

m
an

ce
 

in
de

x 
(C

PI
)

0.
07

9
0.

03
7

Sp
ac

e 
co

ve
re

d 
by

 e
gg

s (
cm

2 )
0.

67
5

0.
68

0

Sp
ac

e 
co

ve
re

d 
by

 la
rv

ae
 (c

m
2 )

0.
60

9
0.

58
3

Sp
ac

e 
co

ve
re

d 
by

 p
up

ae
 (c

m
2 )

0.
55

3
0.

47
6

Ti
m

e 
in

te
rv

al

C
ol

on
y 

pe
rf

or
m

an
ce

 
in

de
x 

(C
PI

)
0.

08
7

0.
04

1

Sp
ac

e 
co

ve
re

d 
by

 e
gg

s (
cm

2 )
0.

74
0

0.
74

5

Sp
ac

e 
co

ve
re

d 
by

 la
rv

ae
 (c

m
2 )

0.
66

7
0.

63
8

Sp
ac

e 
co

ve
re

d 
by

 p
up

ae
 (c

m
2 )

0.
60

6
0.

52
2

Ea
ch

 v
al

ue
 m

ea
n 

of
 4

 o
bs

er
va

tio
ns

; D
AT

: D
ay

s a
fte

r t
re

at
m

en
t

(c
on

td
. T

ab
le

 1
)



Nectar feeding and dearth period management in Indian honey bee Apis cerana (F)    5 
Bismat UN Nisa et al.

Neupane K R, Thapa R B. 2005. Alternative to off season sugar 
supplement feeding of honey bees. Journal Institute of Agriculture 
and Animal Science 26: 77-81. 

Pande R, Firake D M, Karnatak A K. 2011. Development of pollen 
substitutes for dearth period management of honey bee (Apis 
mellifera) colonies in foothills of Shivalik range of Himalayas. 
Indian Journal Agricultural Sciences 81(9): 861-866. 

Pande R, Karnatak A K, Pande N. 2014. Germinated pulses as a pollen 
substitute for dearth period management of honey bee colonies. 
Journal of Apicultural Research 8(2): l42-150. 

Pande R, Karnatak A K, Pande N. 2015. Development of nectar 
supplement for dearth period management of honey bees (Apis 
mellifera L.) colonies in foothills of Shivalik Himalayas. The 
Bioscan, an International Quarterly Journal of Life Sciences 10(4): 
1599-1603. 

Pande R, Karnatak A K. 2013. Utilization of temperate fruits for 
off season dietary management of honey bees. Indian Journal 
Horticulture 70(3): 345-349. 

Pande R, Karnatak A K. 2014. Germinated pulses as a pollen substitute 
for dearth period management of honey bee colonies. Current 
Biotica 8(2): 142-150.

Pernal S F, Currie R W. 2001. The influence of pollen quality on foraging 
behavior in honey bees (Apis mellifera L.). Behavioural Ecology 
and Sociobiology 51: 53-68.

Pesante D G, Rinderer T E, Collins A M, Boykin D L, Buco S M. 1992. 
Honey production in Venezuela: effects of feeding sugar syrup 

on colony weight gains by Africanized and European colonies. 
Apidologie 23(6): 545-552. 

Pokhrel S, Thapa R B, Neupane F P, Shrestha S M. 2006. Absconding 
behavior and management of Apis cerana F. honey bee in Chitwan, 
Nepal. Journal of the Institute of Agriculture and Animal Sciences 
27: 77-86. 

Prakash S, Bhat N S, Naik M I, Hanumanthaswamy B C. 2007. Evaluation 
of Pollen Supplement and Substitute on Honey and Pollen Stores 
of Honey bee, Apis cerana Fabricius. Karnataka Journal of 
Agricultural Sciences 20(1): 155-156. 

Punchihewa R W K. 1994. Beekeeping for honey production in Sri 
Lanka: Management of Asiatic hive honey bee Apis cerana in its 
natural tropical monsoonal environment. Sri Lanka Department of 
Agriculture. pp. 149-152. 

Sihag R C, Gupta M. 2013. Testing the effects of some pollen substitute 
diets on colonies build up and economics of beekeeping with Apis 
mellifera L. Journal of Entomology 10(3): 120-135.

Somerville D, Collins D. 2007. Field trials to test supplementary feeding 
strategies for commercial honey bees. Rural Industries Research 
and Development Corporation.

Standifer L N, Moeller F E, Kauffeld N M, Herbert E W J, Shimanuki 
H. 1978. Supplemental feeding of honey bee colonies. United
States Department of Agriculture. Agriculture Information Bulletin 
413: 8-14.

Vergheese A, Prasad V G. 1980. Importance of honey bee in horticultural 
production. Second International Conference on Apiculture. IARI, 
New Delhi, India. 590 pp. 

(Manuscript Received: September, 2023; Revised: March, 2024; 
Accepted: March, 2024; Online Published: May, 2024) 

Online First in www.entosocindia.org and indianentomology.org Ref. No. e24228




