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ABSTRACT

An investigation was undertaken during Rabi 2021-22 in the Department of Seed Science and Technology,
FAS, SOADU, Bhubaneswar to study the impact of various supplementary pollination techniques viz. 1.
Open pollination (OP) with spray application of 5% honey solution, 2. OP with spray application of 10%
jaggery solution, 3. OP without any spray application, 4. Intensive pollination with honey bees (Apis cerana
indica) and 5. Pollinators exclusion, on seed yield and quality in Indian mustard (Brassica juncia L.). The
field experiment was conducted following RBD with four replications. Appropriate agronomic practices
were followed for raising seed crops. Observations were recorded on five yield attributing traits viz. number
of siliqua per plant, length of siliqua, number of healthy and wrinkle seeds per siliqua and 1000-seed
weight; two seed yield parameters viz. per plant and per hectare seed yield; seven seed quality attributes
viz. germination percentage, shoot and root length of seedling, dry weight of seedling, seed vigour indices
(SVI-I & SVI-II) and storability of seed; and two biochemical seed quality traits viz. oil and protein content
of the seed. A significant effect of planned pollination methods was observed on most of the yield and
quality traits. The mean number of siliqua per plant, siliqua length, healthy seeds per siliqua, 1000-seed
weight, seed yield per plant and per hectare, seed germination percentage, shoot and root length of seedling,
dry weight of seedling, SVI-I and SVI-II, oil content of seed and germination percentage of seed after four
months of storage were highest in OP with spray application of honey solution (80, 5.70 cm, 15.03, 3.80 g,
11.83 g, 8.7 q, 97.25%, 3.2 cm, 2.9 cm, 2.6 mg, 593.0, 252.9, 34.8% & 85, respectively) followed by OP with
spray application of jaggery solution (77.15, 5.18 cm, 14.10, 3.85 g, 10.05 g, 6.83 q, 94, 2.9 cm, 2.6 cm, 2.4 mg,
517.1, 225.7, 33.4% & 80, respectively) in comparison to pollinators exclusion (62.68, 4.38 cm, 11.73, 3.08 g,
6.60 g, 5.54 q, 79, 2.3 cm, 2.3 cm, 1.8 mg, 364.4, 142.1, 31.2% & 67, respectively) which showed the lowest
values for all these traits. OP without any spray application and intensive pollination with honeybees
resulted in moderate enhancement of all these traits. Thus, it may be concluded that for achieving higher
seed yield and quality in this crop, insect pollinators may be attracted by spray application of honey or
jaggery solution to the seed crop of mustard during the flowering period.
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Introduction

Pollination is an important reproductive process in

flowering plants where two dissimilar reproductive
units (gametes) were brought together for effecting
fertilization and seed set. In cross-pollinated species,
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the floral structures restrict transfer of pollens to the
stigma of same flower and pollination is usually ac-
complished by pollens from other flowers borne on
same or different plants. The cross-pollination re-
quires some external abiotic and biotic agents to per-
form the process of pollen movement among flow-
ers. The abiotic agents include wind and water
whereas the biotic agents include insects and birds.
Among the insects, the honey bees are the predomi-
nant pollinators. The insect polulation in the
cropped area an important consideration to cause
effective cross-pollination in the entomophilous
crops. Ineffective cross-pollination is a major con-
straint in commercial seed production. Several in-
vestigators (Jay, 1986 and Currie, 1997) have shown
the potential of spraying certain substances on target
crops to attract pollinators and enhance crop yields.

Among the entomophilous crops of economic
importance, Indian mustard or rai ( Brassica juncea L)
is a widely grown oilseed crop in the world. Al-
though this species is self-compatible, considerable
extent of cross-pollination does occur in this crop.
Being an entomophilous  species, supplementary
insect pollination often helps in enhancing seed
yield and quality in this crop (Sinha and Singh,
2010). Keeping this in view, an investigation was
undertaken to study the influence of supplementary
insect pollination methods on quality seed produc-
tion in mustard.

Materials and Methods

The field experiment was conducted in the Agricul-
ture Research Station of SOADU located at
Binjhagiri, Bhubaneswar during 2021-2022 and the
laboratory studies were performed in the PG labora-
tory of the Department of Seed Science and Technol-
ogy, Faculty of Agricultural Science, SOADU,
Bhubaneswar. The field experiment was laid out in
Randomized Block Design with five treatments and
four replications. Recommended package of prac-
tices was adopted for raising the experimental crop.

The experimental material consisted of Indian
mustard (Brassica juncia L.), the seeds of which were
collected from the All India Co-ordinated Research
Project of rapeseed and mustard, OUAT,
Bhubaneswar. The treatments consisted of five
supplementary pollination methods viz. open polli-
nation with spray of 5% honey solution (T1), open
pollination with spray of 10% jaggery solution (T2),
open pollination without application of any spray

solution (T3), intensive pollination with honeybee
(T4) and pollinator’s exclusion/control (T5). For T4
and T5, the plots (5m x 2m) were covered with
double layered mosquito net cages of size 5m x 2m
x 2m. The spray solutions were applied twice, first at
10% and second at 50% flowering stage of crops.
Appropriate crop husbandry practices were
adopted for raising the seed crop.

Observations were recorded on four yield attrib-
uting traits viz. number of siliqua per plant, siliqua
length, number of seeds per siliqua and 1000-seed
weight; two yield parameters viz., seed yield per
plant and per hectare; seven seed quality attributes
viz. seed germination percentage, shoot and root
length of seedling, dry weight of seedling, seed
vigour indices ( SVI-I & SVI-II) and storability of
seed and two seed biochemical parameters namely
oil and protein content.

Results

Yield attributes and yield

Significant variations among the treatments (polli-
nation methods) were observed in respect of all the
seed yield-attributing traits under study. Supple-
mentary open pollination with the application of
honey solution resulted in the highest expression of
all treats followed by that with the application of
jaggery solution as pollinators attractant.

Open pollination with honey solution produces
the highest number of siliqua per plant (80), siliqua
length (5.70 cm), number of healthy seeds per siliqua
(15.03) and 1000-seed weight (3.80 g), while these
mean values were 77.15, 5.18 cm, 14.10 and 3.85 g
for open pollination with the application of jaggery
solution. Similarly, moderate enhancing effects in
respect of these traits were observed in open pollina-
tion without the application of any spray solution
and intensive pollination with honeybees. On the
other hand, the lowest values for these characters
were observed with pollination without the involve-
ment of insect pollinators (PE).

The per plant and per hectare seed yield were
observed to be the highest (11.83 g & 8.70 q) in open
pollination with the application of honey solution
followed by (10.05 g & 6.82 q) open pollination with
the application of jaggery solution (Table 1). Open
pollination without any chemical application and
intensive pollination with honeybees resulted in
moderate yield enhancement in comparison to the
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pollinators exclusion method.

Quality parameters of freshly harvested seed

Among the pollination methods studied, open pol-
lination with spray of honey solution exhibited the
highest seed germination (97.25%), shoot length (3.2
cm), root length (2.9 cm) and seedling dry weight
(2.6 mg). followed by open pollination with the ap-
plication of jaggery solution with higher seed germi-
nation (94.00%), shoot length (2.9 cm), root length
(2.4 cm) and seedling dry weight (2.4 mg). The other
two pollination techniques, i.e. open pollination
without spray application and with the provision of
honeybee colonies exhibited moderate enhancing
effects on these seed quality attributes, while the
lowest values for all these traits were observed with
the pollinators exclusion method.

The seed vigour is measured in terms of seed
SVI-I and SVI-II. It also differed significantly among
the pollination methods. The highest seed vigour
values (SVI-I=593 & SVI-II=252.9) were observed
with OP with honey application followed by (SVI-
I=517.1 & SVI-II=225.7) with OP with jaggery appli-
cation (Table 2). The other two pollination methods
namely, OP and BP resulted in moderate enhance-

ment of seed vigour, while the PE showed the low-
est value in respect of this trait. The quality improve-
ment of seeds in various treatments was attributed
to production of well developed, bold and matured
seeds due to efficient supplementary pollination.

Storability of seed

Storability of seed measured in terms of seed germi-
nation percentage, seedling growth and seed vigour
indices after four months of storage also differed sig-
nificantly among the pollination methods. Among
the treatments, open pollination with spray of honey
solution exhibited the highest seed germination
(85%), seedling length (6.1 cm) and seed vigour in-
dex (SVI-I=519.1 and SVI-II=221.1) followed by
open pollination with the application of jaggery so-
lution exhibiting seed germination (80%), seedling
length (5.5 cm) and seed vigour index (SVI-I=439.6
& SVI-II=191.9) (Table 3). The other two pollination
techniques i.e., open pollination without spray appli-
cation and with the provision of honeybee colonies
resulted in moderate enhancing effects on these seed
quality attributes, while the lowest values for all
these traits were observed with the pollinators ex-
clusion method.

Table 1. Effect of supplementary pollination methods on yield attributing traits and seed yield in Indian mustard

Sl. Treatment No. of Siliqua Siliqua No. of No.of 1000-seed Seed yield Seed yield
No. per plant  length healthy wrinkled weight per plant per

(cm)   seeds/siliqua  seeds/siliqua   (g)   (g)   hectare (q)

01 T1 80.00 5.70 15.03 6.20 3.80 11.83 8.70
02 T2 77.15 5.18 14.10 8.75 3.85 10.05 6.83
03 T3 72.38 4.45 12.38 10.85 3.40 6.98 5.95
04 T4 73.03 4.85 13.40 9.95 3.58 9.05 6.05
05 T5 62.68 4.38 11.73 12.05 3.08 6.60 5.54
06 Mean 73.05 4.91 13.33 9.56 3.56 8.90 6.61
07 CD(5%) 6.204 0.555 1.802 1.520 0.526 1.609 0.973

Table 2. Effect of supplementary pollination methods on various seed quality parameters in Indian mustard

Sl. Treatment Germination Seedling Seedling Seedling Seed Seed Oil
No.  (%)  shoot length root length dry weight Vigour Vigour content

(cm)   (cm)   (mg)  Index- I  Index- II (%)

01 T1 97.25(80.56) 3.2 2.9 2.6 593.0 252.9 34.8
02 T2 94.00(76.08) 2.9 2.6 2.4 517.1 225.7 33.4
03 T3 93.75(75.66) 2.7 2.5 2.3 487.3 215.7 32.2
04 T4 92(73.63) 2.7 2.5 2.3 479.0 211.1 31.9
05 T5 79(62.75) 2.3 2.3 1.8 364.4 142.1 31.2
06 Mean 91.20(72.74) 2.76 2.56 2.28 488.1 209.5 32.7
07 CD (5%) 2.664 0.606 NS 0.455 88.753 41.020 1.577

Figures in parentheses are transformed values
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Among the pollination, methods studied, higher
seed oil content of 34.8% and 33.4% were observed
in seeds produced in plants supplementary polli-
nated with the application of honey solution and
jaggery solution, respectively. Similarly, the seed oil
contents were 32.2% and 31.9% in the OP and BP.
On the contrary, the lowest seed oil content of 31.2%
was observed in PE. On the other hand, the pollina-
tion methods did not exhibit in a significant effect on
the protein content of the mustard seed.

Discussion

The flowering and seed developmental pattern in
different treatments revealed that adequate bee and
other insect population helped in causing efficient
pollination of the crops and thereby increased the
values of several yield attributes namely, number of
siliqua per plant, number of healthy seeds per
siliqua and seed weight which ultimately enhanced
the seed yield. The quality improvement of seeds in
various treatments was attributed to production of
well developed, bold and matured seeds due to ef-
ficient supplementary pollination. Maintenance of
high germinability and vigour of seeds during stor-
age was the result of production of well developed,
bold and matured seeds owing to efficient supple-
mentary insect pollination in this crop.  The present
finding agrees with the results of similar studies by
earlier workers in mustard (Mahadik et al., 2019;
Subedi and Subedi, 2019; Sekhon et al., 2020; Yadav
et al., 2021), rape seed (Bartomeus et al., 2014; Garratt
et al., 2018), canola (Shakeel and Inayatullah, 2013)
and sunflower (Bhatt et al., 1996)

Conclusion

From the present investigation, it is evident that

Table 3. Effect of supplementary pollination methods on seed quality parameters in Indian mustard after 4 months of
storage

Sl. Treatment Germination Seedling Seedling Seed Seed
No. (%)  length (cm)  dry weight Vigour Vigour

(mg)   Index- I Index-II

01 T1 85.0 (67.21) 6.1 2.6 519.1 221.1
02 T2 80.0 (63.44) 5.5 2.4 439.6 191.9
03 T3 73.8 (59.21) 5.2 2.3 383.3 169.7
04 T4 75.8 (60.53) 5.2 2.3 394.1 173.9
05 T5 67.5 (55.24) 4.6 1.8 309.1 121.6
06 Mean 76.4 (60.94) 5.32 2.28 409.0 175.6
07     CD (5%) 4.258 0.936 0.455 70.989 34.709

Figures in parentheses are transformed values

supplementary insect pollination is effective in en-
hancing seed yield, seed qualities and oil content in
the seed of Indian mustard. Both honey bees and
other insects are useful insect pollinators in this
crop.In areas of inadequate pollinators, some attrac-
tants viz. honey solution(5%) and jaggery solu-
tion(10%) may be sprayed on plants at the flowering
stage of the crop to increase the pollinator popula-
tion and effect better pollination and seed set.
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