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Abstract: The quantitative parameters such as number of seed per umbel (34.93), number of umbel per plant (30.45 ), seed 
yield per plant (4.35 g ),seed weight per umbel (0.45 g), seed size (3.30 mm), 1000 seed weight (10.13 g) were recorded 
maximum in control treatment (total open) and minimum recorded number of seed per umbel (14.95), number of umbel per 
plant (13.30), seed yield per plant (1.98 g), seed weight per umbel (0.20 g), seed size (1.63 mm), 1000 seed weight (6.80 g) 
in total closed treatment. The qualitative parameter such as germination percentage (79.50 %), seedling vigour index 
(1233.84), shoot length (9.00 cm) and root length (6.50 cm) were significantly higher in total open (control) treatment 
compared to other treatment and the minimum germination percentage (58.75 %), seedling vigour index (587), shoot length 
(6.75 cm), root length (3.25 cm), were recorded in total closed treatment. 
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INTRODUCTION 

 
oriander (Coriandrum sativum Linn.) belongs to 

the family Apiaceae (Umbelliferae) as an annual 

herbaceous crop. In the Sanskrit literature, it is 

referred to as' dhanayaka' or' kusthumbari.' The 

Coriandrum genus includes plant grown C. sativum 

and Wild species C. tordylium. It is cultivated as an 

annual summer or winter plant. The plant can attain 

heights of between 0.20 and 1.40 m at the flowering 

stage. In India, coriander cultivation area was 

estimated to be 4.7 lakh hectares with 37 lakh tons of 

output and an average 789 kg/ha of productivity. The 

export of coriander powder from India was 2246 
metric tons (2003-04) and 8318 metric tons (2003-

04) as curry powder including coriander in the 

mixture (Anonymous, 2006) 

Coriander (Coriandrum sativum L.) is an annual 

herb belonging to the family Umbelliferae. It is 

originated from East Mediterranean and South 

Europe. It is mainly cultivated for its leaves and 

seeds as a summer or winter crop. At flowering, the 

plant can reach an height between 60 cm. The 

germination is epigaeal and the plant has a tap root. 

The stem is more or less erect and sympodial, 
monochasial-branched, sometime with several side 

branches at the basal node. Each branch finishes 

with an inflorescence. The stem of the plant is 

hollow and the leaves are alternate and the first ones 

are often gathered in a rosette form. The basal leaves 

are usually either undivided with three lobes or 

tripinnatifid. The higher leaves are inserted and more 

pinnate. The leaves are green or light green and 

underside of the leaves are often shiny and waxy. 

During flowering period, the leaves sometimes turn 

to red or violet. They wither before the first fruits are 

ripe, starting from the basal leave. 

The inflorescence is a compound umbel with one or 

two linear bracts is a compound. The umbel has two 
to eight primary rays grouped in such a way that the 

umbellets are at the same point, having different 

sizes. Flowering starts with the primary umbel, and 

peripheral umbellets are found in every umbel, and 

peripheral flowers are the first to bloom in each 

umbellet. Protandro are the flowers. The flowers 

have five petals and pale pink or white is the shade 

of the petals . It takes about 5-7 days to complete the 

single umbel flowering cycle. 

In the world, India has traditionally been known as 

the "home of spices." India is the world's largest seed 

spice manufacturer, consumer and exporter. Seed 
spices are an important agricultural product 

community and play a very important role in our 

national economy. Seed spices are essential 

commodities oriented towards exports and about 

10% of our production is exported as raw and also as 

value-added products, realizing 206,25 rupees per 

annum in foreign exchange. The estimated global 

seed spice demand is 90,000 tons, of which our 

country is currently capable of exporting around 

46,000 tons annually, which is around 51 percent of 

total demand. In India, fourteen seed spices are 
cultivated commercially. Among them, coriander is 

one of the most popular seed spices and accounted 

for 25% of total seed spices export with 13% 

earnings during 2000-01.It is the only seed spice 

included in the National Crop Projection System 

(Sivaraman et al., 2001). 

Bee pollination not only increases yield rates, but 

also increases hybrid vigor, generates variability and 

preserves the gene flow in the eco system, while 

maintaining the diversity of plant varieties. The 

above claim that efficient use of pollinators can 

significantly increase the yield rate has been verified 
by experiments (Melinichenko, 1977). 
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The cultivation of coriander has increased slightly 

over a period of time in India (from 1980 to 1990 

between 2,80 and 3,34 lakh hectares). At present, 

however, it is cultivated in an area of 5. 46  lakh 

hectares with a total output of 2.90 tons and an 

average output of 531 kg per hectare. Rajasthan, 
Andhra Pradesh, Tamil Nadu, Gujarat, Madhya 

Pradesh and Karnataka. In Karnataka, coriander is 

grown in an area of 17,300 hectares with a total 

output of 2,900 tons and an average output of 168 kg 

/ ha compared to the national average of 531 kg / ha 

(Sivaraman et al., 2001). Karnataka's low coriander 

productivity is primarily due to poor production 

technologies, lack of improved varieties, 

management of nutrients, and adequate 

pollination.are the big rising coriander states. 

In India it is being cultivated in an area of 583 

thousand hectares with an annual production of 784 
thousand tonnes (Anonymous 2019). In India, 

Madhya Pradesh, Rajasthan, Gujarat, Tamil Nadu, 

U.P. are the major producing states. In India the 

domestic marketing centers of coriander are Jodhpur. 

Coriander is the important vegetable, spice crop of 

the Chhattisgarh state with area of 20069 hectare an 

annual production 94730 metric tones. 

Coriander's flowering phenology allows better cross-

pollination. The inflorescence consists of a 

compound umbel, where the primary umbel is to 

bloom first, followed by the umbels of lower order. 
Therefore, pollination depends largely on various 

pollinating agents, including insects, especially 

honeybees, which are the cheapest and most 

environmentally friendly inputs to maximize yield in 

most cross-pollinated crops. Various insects such as 

honeybees (Apis florea Apis cerana Trigona 

iridipennis Smith.), solitary bees, butterflies and flies 

carry out cross pollination in coriander. Honey bees 

are among them the main coriander pollinators 

(80.30 percent) (Ricciardelli et al., 1979). The bee 

pollination raised the yield in coriander by 49.86% 

(Anonymous, 2000).  

 

MATERIALS AND METHODS 

 

The experiment was undertaken at Raj Mohini Devi 

College Agriculture and Research Station, Ajirma Fa

rm, Ambikapur, District, Surguja (C.G.), during 201

8-19. The experiment was conducted to study the  

pollination by Indian honey bee on coriander crop. 

Six treatments were taken i.e. T1 - Open the cage 

between 0700 to 1000hrs and 1500 to 1700hrs, close 

between 1000 to 1500hrs, T2 - Close the cage 
between 0700 to 1000hrs and 1500 to 1700hrs, open 

between 1000 to 1500hrs, T3 - Close the cage 

between 0700 to 1200hrs Noon, and open between 

1200 Noon to 1700hrs, T4 - Open the cage between 

0700 to 1200hrs Noon and close between 1200 Noon 

to 1700hrs, T5 - Total closed and T6 - Control ( Total 

open).In this cage only Indian bee was allowed to 

visit and were sweep away from coriander bloom. 

The coriander crop was sown and the variety was 

Chhattisgarh dhaniya-1,  taking plot size 2x2 m2, six 

treatments  replicated  four times and then statically 

analysis was done with randomized block design 

(RBD). 

 

RESULTS AND DISCUSSION 

 

Quantitative parameters  

Quantitative parameters such as number of seed per 

umbel, number of umbel per plant, seed yield per 

plant, seed weight per umbel, seed weight per plant 

size of seed, and weight of 1000 seeds (g) differed 

significantly between different pollination modes in 

coriander. (Table 1& 2). 

1. Number of seeds/umbel 

The highest number of seeds/umbels (34.93 

seed/umbel) was recorded in the total open treatment 
and the least number of seeds/umbel (14.95 

seed/umbel) was recorded in the total closed 

treatment. All the treatments were reported with a 

significantly lower number of seeds/umbel, close the 

cage between 0700 to 1200hrs Noon and open 

between 1200 to 1700hrs (22,50 seed/umbel),  Close 

the cage between 0700 to 1000hrs and 1500 to 

1700hrs, open between 1000 to 1500hrs (26.28 

seed/umbel) Open the cage between 0700 to 1200hrs 

Noon and close between 1200 Noon to 1700hrs, 

(28.75 seed/umbel), were found statistically at par 
among each other open the cage between 0700 to 

1000hrs and 1500 to 1700hrs, close between 1000 to 

1500hrs (30.43 seed/umbel), and treatment with 

control (total open), (34.93 seed/umbel). 

2. Number of umbel/plant 

The maximum number of umbels/plants (30.45 

umbel/plant) was recorded in the total open 

treatment followed by the lowest number of 

umbel/plant in total closed treatment (13.30 

umbel/plant) was recorded. All treatments were 

recorded significantly lowest number of umbel/plant, 

like the open the cage between 0700 to 1200hrs, 
Noon, and the open between 1200 to 1700hrs (24.10 

umbel/plant)), Close the cage between 0700 to 

1000hrs, and between 1500 to 1700hrs, open 

between 1000 to 1500hrs, (22.03 umbel/plant), close 

the cage between 0700 to 1200hrs, Noon and open 

between 1200 Noon to 1700hrs, (19.16 umbel/plant), 

found statistically at par between opening the cage 

between 0700 to 1000hrs and between 1500 to 

1700hrs, close between 1000 to 1500hrs (26.18 

umbel/plant), and treatment superior significant 

control (total open), (30.45 umbel/plant). 

3. Seed yield/plant (gm) 

The maximum yield of seed/plant was measured 

total open treatment (4.35 g seed yield/plant) 

followed by the open of the cage between 0700 to 

1200 hrs Noon. and close between 1200 to 1700hrs 

(3.88.00 g seed yield/plant), Open the cage between 

0700 to 1000hrs and 1500 to 1700hrs (3.78 g seed 

yield/plant), Close the cage between 0700 to 1200hrs 
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Noon and open between 1200 Noon to 1700hrs (2.93 

g seed yield/plant). Close the cage between 0700 to 

1000hrs and 1500 to 1700hrs, open between 1000 to 

1500hrs (2.46 g seed yield/plant) There was 

however, a significant difference between the 

various treatments. The lowest yield of seed/plant 
was recorded in total closed treatment (1.98 g yield 

seed/plant). 

4. Seed weight/umbel (gm) 

The maximum seed weight/umbel was noticed 

during the total open treatment (0.45 g) followed the 

open of the cage between 0700 to 1200 hours. Noon 

and close between 1200 Noon and 1700hrs (0.43 g), 

Close the cage between 0700 to 1000hrs and 1500 to 

1700hrs, open between 1000 to 1500hrs (0.39 g), 

Close the cage between 0700 to 1200hrs Noon and 

open between 1200 Noon to 1700hrs (0.32 g), Open 

the cage between 0700 to 1000hrs and between 1500 
to 1700hrs, close the cage between 1000 to 1500hrs 

(0.31 g). Compared with other treatment, the crop, 

which was complete closed condition, had a lower 

seed weight/umbel (0.20 g) Treatments including 

Open the cage between 0700 to 1000hrs and 1500 to 

1700hrs, close the cage between 1000 to 1500hrs 

(0.31 g). The total closing (0.20 g) seed 

weight/umbel was found to be significantly low. 

5. Seed size 

The maximum number of seed sizes (3.30 mm seed 

size) was recorded in the total open treatment. The 
minimum number of seed sizes (1.63 seed size mm) 

was recorded in the total closed treatment. All 

treatment was recorded a significantly lower number 

of seed sizes, such as open the cage between 0700 to 

1000hrs and 1500 to 1700hrs, close between 1000 to 

1500hrs (2.69 mm seed size), Open the cage between 

0700 to 1200 hrs Noon and close between 1200 hrs 

to 1700 hrs (2.45 seed size mm), close the cage 

between 0700 to 1200 hrs Noon and open between 

1200 to 1700 hrs (2.00 seed size mm), close the cage 

between 0700 to 1000 hrs, and 1500 to 1700 hrs, 

open the cage between 1000 to 1500 hrs (1.88 seed 
size mm). 

6. 1000 seed (test) weight 
Total open treatment reported a maximum seed 

weight (1000 seeds) (10.13 g) followed by the 

treatment Open the cage between 0700 to 1000hrs 

and 1500 to 1700hrs, close the cage between 1000 to 

1500hrs (8.93 g), and Open cage between 0700 to 

1200hrs Noon and close between 1200 to 1700 hrs 

(8.88 g), Close the cage between 0700 to 1000hrs 

and 1500 to 1700 hrs, open between 1000 to 1500 

hrs (7.98 g) ) and close the cage between 0700 to 
1200hrs Noon and open between 1200 and 1700hrs 

(7.40 g). The minimum seed weight (1000 seed) was 

recorded in total closed treatment (6.80 g). The 

treatments were found statistically significant. 

Results on quantitative parameters in coriander crop 

are confirmation with the findings of Roopashree 

(2011) where the number of seeds, seed weight and 

seed size was significantly increased, when A. florea 

visits increased from two to eight and ten bee visits 

per umbel (18.20 to 25.00 seeds/umbel), 0.17 to 

0.30g/umbel and 3.04 to 5.04 mm3, respectively). 

The number of seeds/umbel, seed weight/umbel and 

seed size was maximum, when A. cerana 

visits/umbel were eight to ten bees (22.40 
seeds/umbel, 0.21g/umbel and 4.23 mm3, 

respectively). Similarly, number of seeds/umbel, 

seed weight/umbel and seed size was maximum, 

when T. iridipennis visits/umbel were eight to ten 

bees (19.40 seeds/umbel, 0.19g/umbel and 3.99 

mm3, respectively). However, the number of seeds, 

seed weight and seed size was minimum in zero bee 

visit/umbel in all the species of honey bees. The 

present findings are in conformity with the findings 

made in some of the cucurbitaceous crops by 

Ramesh (2007), Manjula (2007) and Khaja Rubina 

(2010). 

Qualitative parameters 

The qualitative parameters such as germination 

percentage of seeds, shoot length, root length and 

seedling vigor index showed significant variation 

among different modes of pollination in coriander. 

(Table 2). 

1. Germination percentage 
It was indicated that the germination per cent of 

coriander seed was significantly higher in the total 

open treatment (79.50 %). Where other treatments 

had been found to significantly lower germination 
per cent, such as Open cage between 0700 to 

1000hrs and 1500 to 1700hrs, close from 1000 to 

1500hrs (68.75 %), Close cage between 0700 to 

1000hrs and 1500 to 1700hrs, open from 1000 

to1500hrs (62.50 %), close cage between 0700 to 

1200hrs Noon and open between 1200. Noon to 

1700hrs (61.00 %) Open cage between 0700 to 

1200hrs. Noon and Close between 1200 Noon 

to 1700hrs (71.25 %). The lowest germination per 

centage was obtained in total closed treatment (58.75 

%). 

The finding was reported by Dhurve (2008) who 
recorded the highest germination percentage in niger 

seed in treatment, such as open pollination with 

cacambe 10 % (81.00%) and the lowest seed 

germination in crop cages without bees (64.00 per 

cent). Mupade et al. (2009) announced that the Apis 

florea colony with one frame having the highest 

germination rate (90.00%) followed by four frames 

A. carena (89.00%) and two frames A. mellifera 

Colony   (88.00%). 

2. Shoot length  
The significantly maximum shoot length was 
recorded total open treatment (9.00 cm). Other 

treatments such as Open cage between 0700 to 

1000hrs and 1500 to 1700hrs, close from 1000 to 

1500hrs (8.25 cm), Close cage between 0700 to 

1000hrs and 1500 to 1700hrs, open from 1000 to 

1500hrs (7.25 cm), Close cage between 0700 to 

1200hrs Noon and open from 1200hrs to 1700hrs 

(8.00 cm), open the cage between 0700 to 1200hrs 
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Noon and Close from 1200 Noon to 1700hrs (7.50 

cm). The lowest shoot length was observed in 

total closed treatment (6.75 cm). 

The present results on the qualitative improvement 

of coriander are verified by the findings of 

Chaudhary and Jage Singh (2006) and Khalid (2008) 
in coriander. The A. florea pollinated plants were 

substantially superior over other treatments as the 

maximum shoot length was found 10.66 cm, 

followed by open pollinated plants (9.96 cm), A. 

cerena (9.63 cm)  

3. Root length  
The significantly highest root length observed was 

total open treatment (6.50 cm). Other treatments 

such as Open cage between 0700 to 1000hrs and 

1500 to 1700hrs, close from 1000 to 1500hrs (4.50 

cm), Close cage between 0700 to 1000hrs and 1500 

to 1700hrs, open from 1000 to 1500hrs (5.25 cm), 
Close cage between 0700 to 1200hrs Noon and open 

from 1200 to 1700hrs (5.00 cm), Open cage between 

0700 to 1200hrs. Noon and Close from 1200 Noon 

to 1700hrs (4.75 cm) and Total closed (3.25 cm). 

The lowest root length was obtained in total closed 

treatment (3.25 cm). 

The present findings on the qualitative improvement 

of coriander are confirmed by the findings of Khalid 

(2008) and Chaudhary and Jage Singh (2006) in 

coriander. the A. florea pollinated plants were found 

to be significantly higher, with a maximum root 
length of 7.76 cm, followed by  open (7.26 cm), A. 

cerena (7.00 cm) 

 

4. Seedling vigour index 
The significantly maximum seedling vigour index 

was recorded total open treatment (1233.84) 

compared to other treatments such as Open cage 

between 0700 to 1000hrs and 1500 to 1700hrs, close 

from 1000 to 1500hrs (876.56), Close cage between 
0700 to 1000hrs and 1500 to 1700hrs, open from 

1000 to 1500hrs (765.62), Close cage between 0700 

to 1200hrs Noon and open between 1200 to 1700hrs 

(897.50) Open cage between 0700 to 1200hrs. Noon 

and Close between 1200 Noon to 1700hrs (872.80) 

and Total closed (587.50) were found to be low in 

seedling vigour index. The lowest seedling vigour 

index was found in total closed treatment (587.50). 

The results of Anonymous (2000), Chaudhary and 

Jage Singh (2006) and Khalid (2008) in coriander 

are confirmed by the present findings on qualitative 

improvement in coriander. The seedling vigour was 
maximum in A. florea Pollinated plants (1468) 

compared to open plants (1360), A. cerena (1247). 

The present findings on quantitative and qualitative 

improvement in coriander are in confirmity with the 

findings of Basawana (1982), Shelar and 

Suryanarayana (1989), Marvin (1992), Goyal et al., 

(1989) in carrot and also with Mohana Rao and 

Suryanarayana (1989) and Mohammad Siddiqueet al 

(2020)  in onion. Painkra et al. (2015) in niger, 

Painkra and Shrivastava (2015) and Painkra (2014) 

in niger crop. However, the variation in some of the 
yield and other parameters may be due to type of 

crop, soil condition and weather condition of the 

study locality. 

 

Table 1. Influence of bee visitation on quantitative parameters of coriander. 

Treatments 

Quantitative parameter 

Number of 

seeds per 

umbel 

Number of 

umbel per 

plant 

Seed yield 

per plant 

(gm) 

Seed weight 

per umbel 

(gm) 

Seed   size 

(mm
3
) 

Test weight 

1000 Seed 

(gm) 

T1 - Open the cage between 0700 to 1000hrs and 

1500 to 1700hrs, close between 1000 to 1500hrs 

30.43 

(5.60)* 

26.18 

(5.21) 

3.78 

(2.16) 

0.31 

(1.13) 

2.69 

(1.91) 

8.93 

(3.14) 

T2 - Close the cage between 0700 to 1000hrs and 

1500 to 1700hrs, open between 1000 to 1500hrs 

26.28 

(5.22) 

22.03 

(4.79) 

2.46 

(1.85) 

0.39 

(1.18) 

1.88 

(1.68) 

7.98 

(2.99) 

T3 - Close the cage between 0700 to 1200hrs 

Noon, and open between 1200 Noon to 1700hrs 

22.50 

(4.84) 

19.16 

(4.49) 

2.93 

(1.97) 

0.32 

(1.14) 

2.00 

(1.71) 

7.40 

(2.89) 

T4 - Open the cage between 0700 to 1200hrs Noon 

and close between 1200 Noon to 1700hrs 

28.75 

(5.45) 

24.10 

(5.09) 

3.88 

(2.20) 

0.43 

(1.18) 

2.45 

(1.81) 

8.88 

(3.13) 

T5 - Total closed 
14.95 

(3.99) 

13.30 

(3.78) 

1.98 

(1.72) 

0.20 

(1.09) 

1.63 

(1.61) 

6.80 

(2.79) 

T6 - Control ( Total open) 
34.93 

(5.99) 

30.45 

(5.60) 

4.35 

(2.31) 

0.45 

(1.20) 

3.30 

(2.06) 

10.13 

(3.33) 
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SEm± 0.017 0.034 0.079 0.012 0.075 0.042 

CD (P=0.05) 0.051 0.103 0.24 0.035 0.227 0.127 

* Figures in parenthesis are  transformed values 

 

 
Fig 1. The influence of bee visitation on quantitative parameters of coriander 

 

Table 2. Influence of bee visitation on qualitative parameters of coriander. 

Treatments 

Qualitative parameters 

Germination 

percentage 

Shoot length 

(cm) 

Root 

length 

(cm) 

Seedling 

vigour index 

T1 - Open the cage between 0700 to 1000hrs and 1500 to 1700hrs, 

close between 1000 to 1500hrs 

68.75 

(8.35) 

8.25 

(3.03) 

4.50 

(2.33) 

876.56 

(29.61) 

T2 - Close the cage between 0700 to 1000hrs and 1500 to 1700hrs, 

open between 1000 to 1500hrs 

62.50 

(7.96) 

7.00 

(2.82) 

5.25 

(2.48) 

765.62 

(27.64) 

T3 - Close the cage between 0700 to 1200hrs Noon, and open 

between 1200 Noon to 1700hrs 

61.00 

(7.87) 

8.00 

(2.98) 

5.00 

(2.44) 

793.00 

(28.13) 

T4 - Open the cage between 0700 to 1200hrs Noon and close 

between 1200 Noon to 1700hrs 

71.25 

(8.5) 

7.50 

(2.90) 

4.75 

(2.37) 

872.80 

(29.80) 

T5 - Total closed 
58.75 

(7.72) 

6.75 

(2.77) 

3.25 

(2.05) 

587.50 

(24.21) 

T6 - Control (Total open) 
79.50 

(8.97) 

9.00 

(3.16) 

6.50 

(2.73) 

1233.84 

(35.08) 

SEm± 0.037 0.076 0.111 0.726 

CD (P=0.05) 0.113 0.231 0.336 2.21 

* Figures in parenthesis are  transformed values 
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Fig 2. The influence of bee visitation on qualitative parameters of coriander 

 

CONCLUSION  

 

It is concluded that the quantitative parameters such 

as number of seed per umbel (34.93), number of 

umbel per plant (30.45 ), seed yield per plant (4.35 g 
),seed weight per umbel (0.45 g), seed size (3.30 

mm), 1000 seed weight (10.13 g) were recorded 

maximum in control treatment (total open) and 

minimum recorded number of seed per umbel 

(14.95), number of umbel per plant (13.30), seed 

yield per plant (1.98 g), seed weight per umbel (0.20 

g), seed size (1.63 mm), 1000 seed weight (6.80 g) in 

total closed treatment. The qualitative parameter 

such as germination percentage (79.50 %), seedling 

vigour index (1233.84), shoot length (9.00 cm) and 

root length (6.50 cm) were significantly higher in 
total open (control) treatment compared to other 

treatment and the minimum germination percentage 

(58.75 %), seedling vigour index (587), shoot length 

(6.75 cm), root length (3.25 cm), were recorded in 

total closed treatment. 
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