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ABSTRACT

Abundance of insect pollinators on rapeseed-mustard showed that bees were most abundant on Brassica
rapa L. var. toria i.e. 15.15, 18.47, 21.02 and 15.11 bees/ m?/ 10 min and least abundant on Brassica nigra
i.e. 8.43,9.53, 11.30 and 8.47 bees/ m?*/ 10 min at 1000 h, 1200 h, 1400 h and 1600 h, respectively. At 1000
h, Apis mellifera was observed as the most abundant pollinator (13.94 bees/ m* 10 min) followed by A.
cerana (11.23 bees/ m* 10 min), 4. dorsata (10.50 bees/ m*/ 10 min) and A. florea (8.30 bees/ m*/ 10 min)
and the same trend was also followed at 1200 h, 1400 h and 1600 h. The comparative mean abundance of
Apis spp. on different varieties/ genotypes of rapeseed-mustard revealed that bees were most abundant
on variety TH 68 (16.77 bees/ m* 10 min) and least abundant on Nigra (9.12 bees/ m* 10 min). Also A.
mellifera had maximum (15.50 bees/ m?/ 10 min) mean comparative density across the varieties/genotypes
followed by A. cerana (12.90 bees/ m* 10 min), A. dorsata (12.25 bees/ m?* 10 min) and 4. florea (9.37
bees/ m?* 10 min). The activity of different honey bees varied with time i.e. maximum abundance of A.
mellifera, A. cerana, A. dorsata and A. florea was reported at 1200 to 1400 h and it was least abundant at
1000 h and 1600 h of the day.
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Spp.

India is the fourth largest rapeseed-mustard producer
in the world after European Union, Canada and China.
At national level, rapeseed-mustard is cultivated over
an area of 6.12 million hectare having production
of 9.26 million tonnes and productivity of 1511 kg/
ha (Annonymous, 2020a). This crop accounts about
one-third of the oil produced in India, making it the
country’s key edible oilseed crop. Haryana is the
second most important rapeseed-mustard producing
state in the country with an area of 0.51 million ha,
production of 0.95 million tonnes and productivity of
1830 kg/ ha (2016-2017) which is highest in the country
(Annonymous, 2020b). Rapeseed-mustard crop in India
includes conventionally grown native species, namely
brown sarson (Brassica campestris L. var. brown
sarson), toria (B. campestris L. var. toria), yellow sarson
(B. campestris L. var. yellow sarson), Indian mustard [B.
Jjuncea (L.) Czernj & Cosson], black mustard [B. nigra
(L.) Koch] and taramira (Eruca sativa Mill) along with
non-native species like white mustard (Sinapis alba
L.), gobhi sarson (B. napus L.) and Ethiopian mustard/
karanrai (B. carinata).

The different Brassica spp. requires external
pollinating agents like insects for transfer of the pollen
grains from anther to stigma. Among various insect
pollinators that visited B. juncea flowers, honey bees

viz. Apis dorsata, A. cerana, A. mellifera and A. florea
constituted the major proportion (Abrol, 2007a) and
reported to be sympatric in existence on rapeseed
mustard crop (Chaudhary, 2006). Brassica oilseed
crops provide abundant floral resources, producing
nectar with relatively high concentrations of sugars and
huge quantities of pollen, which makes them attractive
to a wide variety of insect pollinators (Thom et al.,
2016). Insect pollination ensures uniform ripening and
earlier pod setting, increased seed germination and
seed oil content in Brassica oilseed crops (Bartomeus
et al., 2014 and Abrol, 2007b). Ahmed and Rehman
(2002) observed that pollination of rapeseed crop (5.
campestris var. toria) by insect foragers gave maximum
(9.16 g/ha) yield which was 133.33% higher than the
self-pollinated treatment. Manning and Wallis (2005)
found that placing hives of honey bees (4. mellifera L.)
in canola (B. napus L.) at a density of approximately one
hive/ ha resulted in 20% seed yield increase, whereas the
yield declined in plots located more than 200 m from
the apiary. A total of eight insect pollinators belonging
to three different orders viz., Hymenoptera, Diptera
and Coleoptera were found visiting on mustard flowers.
The highest contribution of relative abundance (%) and
average insect population was observed in the order
Hymenoptera as 84.64% with 22.15 insect pollinators/
m?/ min, respectively (Singh et al., 2018).
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The information available on the abundance of
different Apis spp. on new genotypes of various
Brassica spp. is very meager. Besides the research
on the resource partitioning by Apis spp. on various
Brassica spp. has not been fully exploited. Therefore,
to bridge over the gap of information, the present
study was planned to study abundance of major insect
pollinator i.e. Apis spp. on Brassica juncea, B. napus,
B. rapa, B. carinata, B. nigra and Eruca sativa.

MATERIALS AND METHODS

The study was executed during 2019-20 in the
research area of Oilseeds Section, Department of
Genetics and Plant Breeding, CCS Haryana Agricultural
University, Hisar, Haryana. It lies in the semi-arid,
subtropics at 29°10° N latitude and 75°46’ E longitude
and at an altitude of 215.2 meters above mean sea level.

Eleven genotypes of different Brassica spp. of
rapeseed-mustard selected for present study. The
cultivars studied are RH 725, RH 0502, DRMRIJ-31
(GIRIRAJ) and RCH-1 of B. juncea L., HNS 0901 of
B. napus L., YSH-401, BSH-1 and TH 68 of B. rapa
L., HC-212 of B. carinata Braun, NIGRA of B. nigra
Koch and T27 of Eruca sativa Mill.

All genotypes were sown and raised as per
recommended Package of Practices of CCS HAU, Hisar.
The sowing was done on 13" October 2019 with three
replications. The abundance of major flower pollinators
on different Brassica spp. flowers was recorded by
visual observations from per square meter area of crop
for 10 minutes for three consecutive sunny days at two-
hour interval starting from 1000 to 1600 h using a hand
tally counter. Data obtained were analyzed subjecting
to randomized block design using online software
OPSTAT. The weather data for parameters such as
relative humidity, atmospheric temperature, rainfall,
sunshine hours and wind speed was collected from the
observatory of the Department of Agro-meteorology,
CCS HAU, Hisar and was correlated with foraging
behavior of different Apis spp. The data was statistically
analyzed using Pearson’s method.

RESULTS AND DISCUSSION

Abundance of Apis spp. at 1000 h on various
rapeseed-mustard varieties/genotypes

At 1000 h (Table 1), bees were most abundant
on variety TH 68 (15.15 bees/ m? 10 min) and least
abundant on Nigra, T-27 (8.43 bees/ m* 10 min). The
mean density of A. mellifera was maximum (13.94 bees/
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m?/ 10 min) followed by 4. cerana (11.23 bees/ m?/ 10
min), A. dorsata (10.50 bees/ m?*/ 10 min) and A. florea
(8.30 bees/ m?/ 10 min) and all varied statistically from
each other. 4. mellifera population was found maximum
on variety TH 68 (22.93 bees/ m%* 10 min) and the
population varied from 10.20-16.87 bees/ m* 10 min in
all other varieties/ genotypes with significant variation.
A. cerana population vary from 8.87-14.47 bees/ m?/ 10
min and all these varieties/ genotypes vary significantly
from each other except genotype HNS 0901 which was
found statistically at par with variety T-27. A. dorsata
was most abundant on genotype HC-212 (15.20 bees/
m?/ 10 min). Further, the population of 4. florea was
most abundant on variety TH 68 (11.33 bees/ m* 10
min) and its population varied from 5.00-10.53 bees/
m?/ 10 min on rest of the varieties/genotypes.

Abundance of Apis spp. at 1200 h on various
rapeseed-mustard varieties/genotypes

At 1200 h (Table 2), bees were most abundant
on variety TH 68 (18.47 bees/ m?/ 10 min) and least
abundant in Nigra (9.53 bees/ m? 10 min). The mean
density of A. mellifera was maximum (16.76 bees/ m*/
10 min) followed by A. cerana (13.87 bees/ m?/ 10
min), 4. dorsata (12.91 bees/ m* 10 min) and 4. florea
(10.15 bees/ m?/ 10 min) and all vary statistically from
each other. Here, 4. mellifera population was found
maximum on variety TH 68 (26.80 bees/ m?/ 10 min)
and the population in all other varieties/ genotypes
varied non-significantly from 13.27-19.80 bees/ m?/ 10
min. A. cerana was most abundant on variety TH 68
(18.33 bees/ m?/ 10 min) and their population varied
from 7.47-17.00 bees/ m?*/ 10 min in different varieties/
genotypes. Population of A. dorsata was higher on
variety BSH-1 (19.20 bees/ m* 10 min) and it varied
from 9.93-14.60 bees/ m?* 10 min on other varieties/
genotypes. A. florea was most abundant on variety TH
68 (14.13 bees/ m?/ 10 min) and its population in rest
of'the varieties/genotypes varied non-significantly from
6.80-12.53 bees/ m? 10 min.

Abundance of Apis spp. at 1400 h on various
rapeseed-mustard varieties/genotypes

At 1400 h (Table 3), bees were most abundant
on variety TH 68 and least abundant in Nigra (11.30
bees/ m?/ 10 min). The mean density of 4. mellifera
was maximum (19.57 bees/ m* 10 min) followed by
A. cerana (15.87 bees/ m*/ 10 min), A. dorsata (14.89
bees/ m?/ 10 min) and 4. florea (11.54 bees/ m* 10
min) and all varied statistically from each other. 4.
mellifera population was found maximum on variety TH
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Table 3. Abundance of Apis spp. on different varieties/ genotypes of rapeseed-mustard at 1400 h at Hisar during 2019-20
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No. of honey bees/ m? 10 min
BSH-1 TH 68 HC-212 NIGRA T-27 GIRIRAJ RCH-1 Mean

YSH 401

RH 0502 HNS 0901

RH 725

Pollinator

19.57
(4.51)
15.87
(4.09)
14.89
(3.96)

17.00
(4.24)
18.93
(4.47)
11.40
(3.52)

8.

14.87
(3.98)
18.47
(4.41)
11.40
(3.52)

15.53
(4.07)
10.93
(3.45)
13.47
(3.80)

14.33
(3.91)

15.87
(4.10)

30.00
(5.56)
20.53

20.40
(4.62)
15.60
(4.07)

23.47
(4.94)
17.53
(4.30)
12.67
(3.69)
13.80
(3.84)
16.87
(4.20)
(0.03)
0.008

23.13
4.91)
15.67
(4.08)
14.53
(3.94)
11.67
(3.59)
16.25
(4.12)

(0.041)

18.60
(4.42)
16.00
(4.12)
13.73
(3.83)
10.13

22.07*
(4.80)%*

A. mellifera

8.87
(3.14)

15.73
(4.09)
20.13

(4.64)
16.87
(4.22)
16.67
(4.20)
21.02
(4.66)

(0.026)

16.27
(4.15)
14.60
(3.95)
10.53
(3.39)
15.87
(4.08)
(0.08)
0.023
0.05) for varieties/genotypes

A. cerana

12.53
(3.67)

(4.59)

22.4
(4.83)

A. dorsata

11.54
(3.52)

13
(3.02)
13.87
(3.81)

(0.118)

8.33
(3.06)
13.27
(3.74)

(0.148)

9.60
(3.26)
12.38
(3.65)

(0.083)

9.47
(3.23)

14.87
(3.98)

13.73
(3.83)
18.03
(4.34)

(0.041)

(3.34)
14.62
(3.93)

(0.032)

A. florea

1130
(3.49)
(0.047)

16.65
(4.19)
(0.058)

Mean

(0.020)

CD (p=0.05)
SE (m)
CD(p

0.007 0.016 0.013 0.023 0.042 0.033 0.007
(0.033)

0.012

0.012

0.009

0.012

SE (m)

*Each value represents a mean of 5 observations; **Figures in parentheses are the means of \n+1 transformation
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68 (30.00 bees/ m* 10 min) and the population varied
significantly from 14.33-23.47 bees/ m?/ 10 min in all
other varieties/ genotypes. A. cerana was most abundant
in variety TH 68 (20.53 bees/ m% 10 min) and their
population varied from 8.87-18.93 bees/ m* 10 min
in different varieties/genotypes and all these varieties/
genotypes varied significantly from each other except
HNS 0901, HC-212 and BSH-1 which were found at
par. Population of A. dorsata was most abundant on
variety BSH-1 (22.40 bees/ m?*/ 10 min) with statistical
variations and its population varied from 12.53-16.87
bees/ m? 10 min in all other varieties/genotypes. A.
florea was most abundant on variety TH 68 (16.67 bees/
m?% 10 min) and its population in rest of the varieties/
genotypes varied significantly from 8.13-14.87 bees/
m?% 10 min except varieties YSH 401 and BSH-1 which
were at par with each other.

Abundance of Apis spp. at 1600 h on various
rapeseed-mustard varieties/genotypes

At 1600 h (Table 4), bees were most abundant
on variety TH 68 (15.11 bees/ m?/ 10 min) and least
abundant on Nigra and T-27 (8.47and 9.31 bees/ m*
10 min, respectively) and all these varieties/genotypes
were found at par with each other. The mean density
of A. mellifera was maximum (14.69 bees/ m* 10 min)
followed by A. cerana (12.03 bees/ m* 10 min), 4.
dorsata (11.30 bees/ m* 10 min) and A. florea (8.74
bees/ m* 10 min) and they varied statistically from
each other. 4. mellifera population was found maximum
on variety TH 68 (18.73 bees/ m* 10 min) and the
population varied non-significantly from 9.13-15.07
bees/ m* 10 min in all other varieties/ genotypes. 4.
cerana population was most abundant on variety TH
68 (11.27 bees/ m*/ 10 min) and in all other varieties/
genotypes their populations varied from 7.93-11.00
bees/ m* 10 min with non-significant variation except
BSH-1, Nigra, T-27, Giriraj and RCH-1 which vary
significantly from each other. Population of 4. dorsata
was most abundant on variety BSH-1 (15.07 bees/ m%
10 min) and it varied non-statistically from 7.67-10.33
bees/ m* 10 min in all other varieties/genotypes. A.
florea was most abundant on variety TH 68 (9.93 bees/
m? 10 min) and its population varied non-significant
from 6.07-8.67 bees/ m?/ 10 min in all other varieties/
genotypes except TH 68 and HNS 0901.

Comparative mean abundance of Apis spp. on
different varieties/genotypes of rapeseed-mustard

Comparative mean abundance (Table 5) of honey
bees was highest in variety TH 68 (16.77 bees/ m*/ 10



105

UONEULIOJSUBI] [+UN JO SUBDW ) dIE SOSAYIUdILd U SOIMNTL 14, ‘SUONEAIISAO G JO UBSUI € SJUdSAIdOr on[eA OB

Jyoti Indora et al.

(800°0) (w) gs
(810°0) (s0'0=d) ad
(9¥°¢) (s5°¢) (1¢°e) (Lre (e8¢ (81'%) (98°¢) (8L¢) (L9°¢) (85°¢) (0L°¢) -
0€'TI SL'TT 866 e $9°€l LL9T w1 L¥'€l 0LTl €6'11 ¥8'Tl
(#00°0) (€10°0) (w) g8
(110°0) (9€0°0) (s0'0=d) ad
(ITe) (Lo (68°7) (00°¢) (160 (95°¢) (rLe) (rr'e) (Lye) (tTo) (e e vauoy
LE6 9€9 YL £0'8 €L SL'TT 10°€1 £6°01 0111 £€°6 0L'8 788
(T9°9) (Lre) (09°¢) (LE®) (1€°9) (1Ty) (08°¢) (€€p) (9¢°¢) (87°¢) (0s°¢) (L99) owsiop
STl €16 00°C1 €701 L6'6 SL'9T 0S°€l 88°L1 1€°01 80°11 €T Ly'Tl
(IL¢) (Iry) (o) (17°e) (062 (18°¢) (Iry) (L €) (#8°¢) (85°¢) (9L°¢) (69°¢) DI Y
06C1 £€6°S1 91°61 1€°6 8¥'L 09°€1 S6°S1 01°€l 8L€l w1l 01°€l 09Tl
#0't) (¥8°¢) (§9°€) (¢9°¢) (€5°¢) (L9°¢) (50°6) (88°¢) (¥'v) (¢rv) 96€)  wxlOED)

va2fijjoul Y
U 8LEl 8¢Cl el 0S'T1 [55X4! 19'v¢ 9l'vl L981 LS8 LYl VL1

UBIN [-HOd [VITIIO LTL VIDIN CIT-DOH 89 HL I-HS49 10y HSA 1060 SNH 2050 HY SCL HY

uru ()] /W /s99q AUy Jo ‘0N foyettied

Relative abundance of difterent 4pis spp. On rapeseed-mustard

0Z-610C SuLmp Jesiy 1e preysnw-passader Jo sadK10uas /sonjorreA Juaidpyip uo “dds sidy jo souepunqe uedw dAneredwo)) ‘G J[qe],

UONEULIOJSUBI] [+UN JO SUBDW O} O1€ SoSoYIualed Ul SOINSL ., [SUONEAIISGO G JO UL € Sjuasaldor onjeA [oed

LEO'0 (w) g8
(€01°0) sad£youa3;sonarrea 10y (60°0=d) D
00 9200 600°0 v10°0 ¢10°0 ¥10°0 100 ¥10°0 L00°0 10°0 600°0 601°0 (w) g

(290°0) (£60°0) (€£0°0) (6v0°0) (€v0°0) (870°0) ($€0°0) (8%0°0) (920°0) (¥€0°0) (1€0°0) (¥8€°0) (s0'0=d) ad
(ov'¢) (€9 61°¢) (s0°¢) (0L¢) (s6°¢) (€8°¢) (59°¢) 0s°¢) (9r°¢) (85°¢)

£6°01 £€°01 1€°6 L¥'8 8Tl st 86°¢l 9Tl $9'11 0Tl €Il e
(60°€) (952 (5,0 (6L77) (590 VAN (67°¢) (60°€) 0r1°¢) (89°7) (982 (18°2) pasoy p
L8 €S 099 089 L0'9 L0'6 £€6'6 09'8 L9'8 09 0T'L £6'9
(Ly'€) ¥6'0) (¥6°0) (96°7) (060 (L8'¢) (62°¢) (00°+) (81°¢) (L6D) (0z'¢) (9¢°¢) DiDsI0p
0€'11 LY'L LY'L 08°L LY'L 00°+1 L8'6 LO'S1 €16 L8'L LT6 £E°01
(85°¢) (6L¢) (s5°¢) (86°7) (cLo (9¥°¢) (05°¢) ree) (1¥°¢) (17°e) (o¥°€) (9z°¢) Dunioo B
£0°CI £E°€l 09°11 €6'L 09 0011 LTI 001 L9°01 €€°6 09°01 08'6
(T6'€) (#S€©) (Lze) (81°¢) (19 9z¢) (r¥'v) (00't) (r6°¢) (66°¢) (85°8)  wx (LL'D) paafiyiout
6941 €511 £L°6 €16 £6'8 L9'6 €L'81 LO'S1 334! 0061 L8'11 «LTEl .

UBIN [FHOYd  [VAIIID LTL VIDIN CIT-OH 89 HL [-HS49 10y HSA  T060SNH  C0SOHY S¢LHY

urur ()] /W /S99q A9Uoy Jo ‘0N Joyeur[jod

0Z-610¢ Sulmp Jesiy e y 009 e preisnw-passader Jo sodKjouag,sonorrea juaiopyip uo “dds sidp jo souepunqy ‘4 9[qel,



106  Indian Journal of Entomology 85(Special Issue) May 2023

min) and lowest in Nigra (9.12 bees/ m* 10 min). The
mean density of A. mellifera was maximum (15.50 bees/
m?/ 10 min) followed by 4. cerana (12.90 bees/ m?/ 10
min), 4. dorsata (12.25 bees/ m* 10 min) and A4. florea
(9.37 bees/ m* 10 min) and they varied statistically from
each other. 4. mellifera population was found maximum
on variety TH 68 (24.61 bees/ m* 10 min) and the
population in all other varieties/ genotypes varied from
12.11-18.67 bees/ m* 10 min with significant variation
except genotype HNS 0901 and variety YSH 401 which
were found at par with each other. 4. cerana was most
abundant on variety TH 68 (15.95 bees/ m?/ 10 min) and
the population in different varieties/genotypes varied
significantly from 7.48-15.93 bees/ m?/ 10 min except
TH 68 and RCH-1 which were at par with each other.
Population of A. dorsata was most abundant on variety
BSH-1 (17.88 bees/ m? 10 min respectively) and its
population in rest of the varieties/genotypes (9.97-13.50
bees/ m?/ 10 min) varied statistically. 4. florea was most
abundant on variety TH 68 (13.01 bees/ m?/ 10 min) and
its population in rest of the varieties/genotypes varied
significantly from 7.45-11.75 bees/ m?/ 10 min.

The present observations corroborate with earlier
findings. Sihag (1990) and Jhajj et al. (1996) recorded
that bees started foraging at 0900-1000 h, reached a
highest at 1200-1400 h and started reducing at 1500 h
and the activity ceased at 1700 h of the day. The similar
results were obtained by Vishwakarma and Chand (2017)
reported that among the different pollinators 4. mellifera
was observed most frequent on flowers of mustard
which backing 24.94% of pollination in experimental
genotypes. Abrol and Bajiya (2017) found that 4.
mellifera was highest (%) 28.09, 28.31 in comparing
25.10, 25.48 of A. cerana, 18.00, 18.09 of A. dorsata,
8.53,7.90 of A. florea and 5.55, 5.71 of X. fenestrate.
Akhtar et al. (2018) recorded the abundance of managed
A. mellifera was maximum (87.76%) followed by A.
florea (1.11%) and A. dorsata (0.98%) and peak activity
of the insect pollinators was observed at the mid of the
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dayi.e. 12:00 pm. The activity of managed 4. mellifera
started to increase from the third week of blooming (20
Jan. 2015) and reached to maximum in the sixth week
(10" Feb. 2015). Pudasaini et al. (2015) observed A.
mellifera was most dominated and abundant (36.34%);
succeeded by A. florea (12.45%), A. cerana (11.14%),
A. dorsata (5.68%), Andrena spp. (3.71%), Megachilus
spp. (0.66%).

Correlation of abundance of Apis spp. with weather
parameters

The abundance of all four Apis spp. had non-
significant correlation with maximum and minimum
temperature during the different stage of flowering
(Table 6). Correlation between abundance of honey
bee species was highest at maximum temperature and
it was least at minimum temperature. Relative humidity
showed significant positive correlation with abundance
ofthree honey bee species i.e. 4. mellifera, A. cerana, A.
dorsata but in case of A. florea showed non-significant
correlation with morning relative humidity and analysis
of relative humidity resulted significant positive
correlation with abundance of all four honey bees in the
evening. Wind speed had significant positive correlation
with Apis spp. and sunshine hours were showing non-
significant correlation with different parameters.

The present results are in agreement by Abrol and
Bajiya (2017) who found that foraging activity of
honey bees was positively correlated with temperature.
Akhtar et al. (2018) reported that honey bees showed
significantly strong and positive correlation with
temperature. Kunjwal et al. (2014) revealed that
abundance of pollinators was increased with rising of
average daily maximum temperature (r =0.631) and
it also rise with effective sunshine hours (r = 0.696).
The variation in results is because, the abundance of
floral visitors depends upon weather parameters like
temperature, RH, wind velocity, rainfall and many
other crop dependent factors, and that varies according

Table 6. Correlation of abundance of honey bees with meteorological parameters

No. of honey bees/ m? 10 min

Weather parameters A. mellifera A. cerana A. dorsata A. florea
Max. Temp 0.505 0.544 0.554 0.520
Min. Temp 0.411 0.445 0.458 0.431
RH (M) 0.814* 0.817* 0.817* 0.803
RH (E) 0.903* 0.888* 0.885* 0.886*
Wind Speed (km/ h) 0.952%%* 0.942%%* 0.942%%* 0.945%*
Sunshine (hrs) 0.250 0.299 0.302 0.274

*Significant at p = 0.1 **Significant at p = 0.05



to time and space. Each species was found to have its
specific ecological threshold below which activity does
not occur normally.

The mean population of the Apis spp. exhibited
certain temporal peaks and lows reflecting the reward
presence, ideal temperature zones and pollination. As
the honey bee species’ abundance is temporal, so will
be the pollination efficiency, that varies greatly amongst
these species based on many factors, including body
size, loose pollen grain carrying capacity, foraging
speed, foraging rate, foraging behavior and overall
abundance. It is thus, important to analyze such
interactions for individual bees.
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