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Effect of bee pollination (Apis mellifera L.) on yield attributes of coriander
Abstract

An experiment was conducted during the rabi season of 2021–22 at the Beekeeping Unit, Tirhut College of Agriculture, Dholi, Bihar, to evaluate the impact of bee pollination (Apis mellifera L.) on yield and yield attributes of coriander (Coriandrum sativum L.). The study compared three pollination situations, namely open to all pollinators, pollinator exclusion, and controlled bee pollination using A. mellifera colonies under caged conditions in Randomized Block Design with seven replications. Results revealed that pre-pollination traits such as number of flowers per umbel and number of umbels per plant remained unaffected by pollination treatments, indicating that these parameters are independent of pollinator activity. In contrast, all reproductive and yield-related parameters were significantly influenced by pollination. Open pollination recorded the highest number of seeds per umbel, seeds per plant, fruit set, seed weight per plant, test weight, and seed yield, followed by bee pollination, while pollinator exclusion consistently resulted in the lowest values. Open pollination enhanced 80.43 per cent seed yield over pollinator exclusion, while Bee pollination enhanced seed yield by 58.26 per cent. The marked reduction in seed set, seed weight and yield under pollinator exclusion clearly demonstrated the strong dependence of coriander on insect-mediated pollination. The superior performance of open pollination reflected the combined contribution of multiple pollinator species, whereas controlled A. mellifera pollination alone was sufficient to bring about substantial yield improvement compared to pollinator absence. Overall, the findings clearly establish that honey bees play a crucial role in enhancing both qualitative and quantitative yield attributes of coriander.
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Introduction

Coriander (Coriandrum sativum L.), belonging to the family Apiaceae (Umbelliferae), is an important seed spice crop cultivated mainly during the rabi season under cool and dry climatic conditions. The productivity and quality of coriander are closely linked to effective pollination, as the crop possesses floral traits that favour cross-pollination. Any limitation in pollination during flowering can adversely affect fertilization, resulting in poor reproductive success and reduced seed yield.

The crop bears compound umbels with a characteristic flowering sequence, where primary umbels bloom earlier than secondary ones. Within each umbellet, peripheral flowers open first, and the crop exhibits protandry, wherein pollen release occurs before stigma receptivity. The stigma remains receptive for up to five days, and flowering in a single umbel may extend for 5–7 days, providing a favourable window for insect-mediated pollination (Luzina, 1953). Nectar secretion from the stylopodium during peak flowering attracts insect visitors and facilitates pollen movement between flowers.

Honey bees are recognized as the most efficient pollinators of coriander due to their floral constancy, prolonged foraging activity and high pollen transfer efficiency. Bee-mediated pollination has been shown to enhance seed production and overall productivity by ensuring effective fertilization and uniform development of reproductive structures (Anonymous, 2000). In contrast, inadequate pollinator activity or exclusion of insect pollinators has been reported to cause substantial reductions in seed set and overall yield in coriander, clearly indicating the crop’s dependence on bee pollination (Glukhov, 1955). Under Indian conditions, pollination activity in coriander fields is dominated by species of the genus Apis (Baswana, 1982).

Recent studies have shown that the distribution and dominance of Apis species within cropping systems are influenced by intrinsic factors such as body size and dietary overlap, which regulate foraging behaviour and resource utilization (Thakur et al., 2025). Comparative evaluations of domestic honey bee species have further demonstrated that Apis mellifera L. exhibits longer foraging duration, earlier initiation of daily activity and greater persistence on coriander flowers compared to Apis cerana L., indicating its superior contribution to pollination (Thakur et al., 2024). Reduced pollination activity or absence of effective bee visitation can therefore lead to poor fertilization and significant yield losses. In this context, the present study was undertaken to evaluate the impact of Apis mellifera L. mediated pollination on yield attributes of coriander under field conditions.

2 Materials and Methods

2.1 Location:
The study on the impact of pollination on yield attributes of coriander was conducted during the rabi season of 2021–22 at the Beekeeping Unit, Tirhut College of Agriculture (TCA), Dholi. The experimental site is located in Muzaffarpur district of Bihar at an altitude of 54.20 m above mean sea level, with geographical coordinates of 25°59′ N latitude and 85°35′ E longitude. The region receives an average annual rainfall of about 1270 mm. During the summer season, the average maximum and minimum temperatures are approximately 40°C and 20°C, respectively, while during winter, the average maximum and minimum temperatures range around 20°C and 4°C, respectively. These climatic conditions are favourable for coriander cultivation.
2.2 Details of experiment:
The experiment was conducted on coriander (Coriandrum sativum L.) variety Rajendra Dhania-2 using a Randomized Block Design with three treatments and seven replications, maintaining a spacing of 30 cm × 7 cm. To assess the effect of bee pollination on yield and yield attributes, three treatments were imposed, namely open to all pollinators (OP), pollinator exclusion (PE) and bee pollination (BP). The pollinator exclusion and bee pollination treatments were maintained under caged conditions using nylon net cages (10 × 10 × 10 ft) of suitable mesh size to prevent the entry of other pollinators, while the open treatment was left uncovered for free pollinator activity. In the bee pollination treatment, Apis mellifera L. colonies (5 frame box) were introduced inside the cages to ensure controlled pollination. All agronomic practices were followed uniformly across treatments so that differences observed among treatments could be attributed primarily to the effect of pollination. The data recorded under quantitative and qualitative parameters were analysed statistically using one-way ANOVA.

2.2.1 Number of flowers per umbel:

The observations were made by selecting ten plants randomly from each replication and treatment. Total number of flowers in each umbel were calculated for selected plants. Average of these observations was considered as number of flowers per umbel.

2.2.2 Number of umbels per plant:


The observations were made by selecting ten plants randomly from each replication and treatment. Total number of umbels on each plant were calculated for selected plants. Average of these observations were considered as number of umbels per plant.

2.2.3 Number of seeds per umbel:

Ten random plants were chosen from each treatment after maturity of seeds. Umbels were harvested and seeds separated after drying. The number of seeds per umbel were obtained through calculating average by counting the seeds in each umbel.

2.2.4 Number of seeds per plant:


Ten random plants were chosen from each replication after maturity of seeds. Umbels from each selected plant were harvested and seeds separated after drying. The number of seeds per plant were obtained through calculating average by counting total number of seeds on each selected plant.

2.2.5 Per cent fruit set:


Per cent fruit set was calculated on the basis of relation between total number of flowers per plant and total number of fruits per plant in each treatment.

2.2.6 Seed weight per plant:


Ten random plants were chosen from each replication after maturity of seeds. All umbels of selected plants were harvested and seeds separated after drying. Weight of total seeds from single plant was counted using electronic balance. Average of total observations was determined and expressed as seed weight per plant.

2.2.7 Test weight:


Thousand dried seeds were randomly selected from each replication. Electronic balance was used for taking weight of selected seeds. Observations were recorded for set of thousand seeds from each treatment. Average of total observations was determined and expressed as test weight.

2.2.8 Yield:


Seeds were dried after harvesting. Weight of total dried seeds from each treatment plot taken separately. Yield was presented as quintal per hector. 

2.2.9 Per cent increase in seed yield:

Per cent yield increase over PE for open to all pollinators (OP) = (Yield of open to all pollinators – Yield of pollinator exclusion / Yield of pollinators exclusion) × 100.

Per cent yield increase over PE for bee pollination (BP) = (Yield of bee pollination – Yield of pollinator exclusion / Yield of pollinators exclusion) × 100.

3 Results and Discussion

Various yield attributes were recorded to assess the effect of bee pollination on coriander yield, and the results are presented in Table 1. The number of flowers per umbel was found to be nearly similar across all three treatments, with 29.21 in open to all pollinators, 30.03 in pollinator exclusion, and 29.01 in bee pollination. This indicates that the number of flowers per umbel is independent of the pollination method, and no significant difference was observed among the treatments. Similarly, the number of umbels per plant was approximately the same in all treatments, with 13.71 in open to all pollinators, 12.99 in pollinator exclusion, and 13.31 in bee pollination, showing no significant variation. These results suggest that flower and umbel numbers are pre-pollination parameters and are not influenced by pollinator activity.

In contrast, seed-related parameters showed a marked effect of pollination. The number of seeds per umbel was highest in the open pollination treatment (20.72), followed by bee pollination (18.31), and lowest in pollinator exclusion (14.67), indicating a significant variation among the treatments. A similar trend was observed for the number of seeds per plant, with the maximum in open pollination (279.94), followed by bee pollination (244.75), and the minimum in pollinator exclusion (197.69). The increase in seeds per plant due to A. mellifera pollination was calculated as 23.80 per cent, highlighting the positive role of bee activity. Per cent fruit set was also significantly influenced by pollination, with the highest in open pollination (70.18%), followed by bee pollination (61.77%) and the lowest in pollinator exclusion (49.95%). Seed weight per plant followed the same pattern, being highest in open pollination (2.76 g), followed by bee pollination (2.39 g), and lowest in pollinator exclusion (1.51 g), showing that pollination has a strong impact on overall seed development.

The weight of individual seeds or test weight was similarly affected by pollination. Open pollination produced the heaviest seeds (10.19 g), followed by bee pollination (9.70 g), and pollinator exclusion had the lowest (7.35 g), indicating that effective pollination contributes to the formation of larger seeds. Seed yield per hectare was also significantly influenced, with the highest yield in open pollination (1303.50 q/ha), followed by bee pollination (1143.38 q/ha), and the lowest in pollinator exclusion (722.46 q/ha). Per cent increase in seed yield compared to pollinator exclusion was maximum in open pollination (80.43%) and 58.26 per cent in bee pollination.
Overall, the results clearly indicate that pollination is crucial for improving seed production in coriander. While pre-pollination traits like flowers per umbel and umbels per plant were unaffected, all other yield parameters were significantly enhanced by the presence of pollinators. The significant superior performance of bee pollination over pollinator exclusion confirms the essential role of A. mellifera in coriander pollination. Open pollination benefited from multiple pollinator species including A. mellifera, resulting in the highest yield, whereas controlled bee pollination in cages still demonstrated a clear advantage over exclusion treatments. These findings highlight the key role of honey bees in maximizing coriander productivity and ensuring effective fertilization of flowers.



These results are correlating with previous work done by various researchers. Negi and Joshi (2006) reported that fruit size increases in bee pollination over pollinator exclusion. Chaudhary and Singh (2007) recorded yield of 6.3 g /plant in caged plots without honey bees (control) and 14.0 g/plant yield in open and honey bee pollinated plots of coriander. They noticed increase of 122.2 per cent in yield over without insect pollinated plots. Khalid and Mohammad (2008) investigated the efficiency of honey bee pollination in seed production of coriander and reported that the role of honeybee plays an important role to increase the seed production of coriander by almost 45 per cent. 

Marvin et al. (1992) observed that the effect of pollinators on coriander seed production was very high. Seed set in pollinators exclusion was very poor in comparison with open pollination and pollination by bees. Sharma and Abrol (2014) reported that number of siliquae per plant under open and honey bee pollination were double to that formed under closed caged treatment. Yucel and Duman (2005) noticed that seed yield per bulb was maximum in open to all treatment than in caged treatment. Total seed yield of plot was lower in caged treatment (220.68 g/ plot) than open to all treatment (898.94 g/ plot).

Sathya (2019) revealed that significantly increased seed yield of onion was observed in Apis mellifera pollinated plot. The number of seeds/umbel was observed highest in open pollination followed by bee pollination. The number of seed/plant was highest in OP followed by BP and PE. The maximum seed yield/plant was recorded in OP followed by BP i.e. 8.8 g and 8.5 g, respectively. Per cent yield increase over PE was maximum in OP followed by BP. Munawar et al. (2011) observed that number of seed sets and weight of seed per plant was maximum in bee pollination treatment than pollinators exclusion treatment. The percentage of seed set per plant was lowest in pollinators exclusion and highest in bee pollination treatment. Ullah et al. (2017) reported the higher seed setting and increased quantity of seed due to the foraging activity of honey bees. The plant without bee pollination showed poor result as compared to this.

Conclusion

The present study clearly demonstrates that pollination, particularly by Apis mellifera L., plays a pivotal role in enhancing the qualitative and quantitative yield attributes of coriander. While pre-pollination traits such as flowers per umbel and umbels per plant were unaffected, all seed-related parameters including number of seeds per umbel, number of seeds per plant, fruit set, seed weight, test weight, and overall yield were significantly improved by bee-mediated pollination. Open pollination, involving multiple pollinators including A. mellifera, produced the highest yield, whereas controlled bee pollination in caged plots still showed a clear advantage over pollinator exclusion. The results emphasize that the role of bees is far more important in pollination, and their requirement of floral resources can get exhausted. Hence, beekeeping should be encouraged, as it will benefit both farmers, through enhanced crop yield, and beekeepers, via increased honey production. Encouraging the integration of honey bee colonies in coriander fields can therefore ensure optimal seed production and mutual benefit for agriculture and apiculture.
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Table 1.   Effect of bee pollination on yield attributes of coriander during 2021-22.

	Treatment
	Number of flowers per umbel


	Number of umbels per plant
	Number of seeds per umbel
	Number of seeds per plant
	Per cent fruit set

(%)
	Seed weight per plant

(g)
	Test weight

(g)
	Yield

(kg/ha)
	Yield increase over PE

(%)

	OP
	29.21
	13.71
	20.72
	279.94
	70.18
	2.76
	10.19
	1303.50
	80.43

	BP
	29.01
	13.31
	18.31
	244.75
	61.77
	2.39
	9.70
	1143.38
	58.26

	PE
	30.03
	12.99
	14.67
	197.69
	49.95
	1.51
	7.35
	722.46
	-

	CD (P= .05)
	NS
	NS
	2.04
	21.46
	5.68
	0.21
	0.96
	33.10
	-

	S.Em±
	-
	-
	0.66
	6.97
	1.85
	0.07
	0.31
	10.77
	-

	CV (%)
	-
	-
	14.28
	12.49
	13.45
	11.67
	13.12
	12.43
	-


OP- Open pollination, BP- Bee pollination, PE- Pollinator exclusion


