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ABSTRACT 

Buckwheat pollination is crucial for increasing its yield, ensuring food security and improving livelihoods. To quantify the response 
of honeybee on buckwheat seed pollination and yield, an experiment was conducted at three agro-ecological sites (Semi-natural, 
organic and intensive agriculture sites of Megauli, Fulbari and Jutpani Village Development Committees (VDCs), respectively) of 
Chitwan district during the winter season of 2012/13 and 20013/14. The experimental design Randomized complete block design 
(RCBD) with four treatments (i. open pollination; ii. plants caged with honeybees (Apis melifera L); iii. hand pollination iv. plant 
without pollinators) replicated four times. Plant height (cm), branch number,  and blossoms, seed number per plant, 1000 grains 
wt (g)., and seed yield/sq.m. were measured. Pollinators’ abundance and diversity were also observed. The impact of pollinators 
on each agro-systems resulted in significantly increased yields attributes compared to restricted pollination. Plants not pollinated 
by bees resulted in taller, higher branch numbers, and lower seed yield. There was different levels of pollinators in semi-natural, 
organic and intensive agriculture sites, however deficit in pollination noticed in intensive agriculture field resulted lower yield.  
 
The dominant pollinators were Hymenopterans, followed by Dipterans, Coleopteran, and Lepidopterans insects, respectively. The 
major honeybees were Apis melifera L., Apis cerana F., Apis dorsata F. and Apis florea F. Syrphid flies, Syurphus sp., Eristalis sp. and 
cabbage butterfly, Pieris rapae L.  the dominant Dipteran and Lepidopteran pollinators. Hence, integrating pollinator diversity and 
managed pollination to sustain production through biodiversity-based ecosystem services. The experimental results showed that 
there was significantly higher plant height in pollination restricted plots (control) and branch number were the greatest in the 
control treatment compared to pollinated plots.   Pollination increased grains per plants increased 1000 grain weight when 
compared with control plot. Thus, the quality and quantity of buckwheat production get improved with bee pollination especially 
in open and bee enclosed treatments suggesting increased use of managed   honeybees and conservation of wild bees and other 
pollinators. 
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Introduction 

The common buckwheat ((Fagopyrum esculentum Moench.), Fagopyrum esculentum; family: Polygonaceae) popularly 
known as “Pseudo-cereal, is the most economically important buckwheat species for world food production.This belongs to 
such an ideal staple food crop species, which has rich nutritional value [1] [2] high quality, easily digestible protein, having a 
balanced amino acid composition [3] cholesterol free and perfectly fits our modern low calorie, high nutrition diets [4][5]. 
Many small landholders across Asia grow common buckwheat, however, China, Russia, and Japan are currently the world's 
top producers of buckwheat [6]. In Nepal, it is one of an important underexploited crops of Nepal majorly grown with 
conventional technologies in mid-hills (345 to 4,500 m above msl) occupying 10,339 ha of land area, with the production of 
10,021 t/ha and productivity of 0.97 t/ha [7]. Major constraint to buckwheat production worldwide is (around 15-30%)) low 
production [8] [9] [1].   
 
Buckwheat flowers 35 to 35 days after planting of crops in the Chitwan conditions. Each plant in a population showed two 
types of flowers i.e. pin type (having long style and short stamen) and thrum type (long stamen and short style) of flowers 
were observed to be borne in raceme at the ends of branches or on short pedicel arising from the leaf axils [10][11].  
Buckwheat fields have approximately equal numbers of pin and thrum flowers [10] a pleasant fragrance and were highly 
attracted to insect pollinators especially the bees [12].  The flowering pattern showed first flower bloom on the stem and 
then it was followed on the branches. Flowering started from the bottom towards the top and from inside to outside of the 
branches. Each flower remained open and receptive for a day only [10]. Due to longer blooming periods and copious nectar 
content (0.2-0.4 mg/flower/day), buckwheat crop plays a very significant role in bee-farming when honey production from 
other flowering plants ceases [13] [14]. Buckwheat flowers highly attractive to bees in the first sunshine and most of the 
pollination activities occur. It is said that a single visit of buckwheat flower by a bee increases plant productivity by 25-30% 
[15]. Cultivation of buckwheat along with beekeeping may produce 50 to 100 kg of honey per hectare, due to its extended 
flowering period for more than 30 days [16]. Three to four insect visits are enough to pollinate one blossom of buckwheat 
while bee visiting more than 5 times the productivity of plant decreases [17]. Many factors, such as the floral physiology 
and morphology, pollinator characteristics, as well as effects of weather influence the success of pollination 
 
The honey bearing property of buckwheat (10 to15 kg/colony/season) makes this crop more valuable [18], if extra 
household income could be generated from honey production. Buckwheat produced 21.7- 41.4% higher seed yield when 
intensively visited by pollinators compared with the seed yield obtained in isolated areas [19]. Honeybee pollination 
increased fruit set by 10 to 25 percent and fruit yield by 18 to 100 percent depending upon the cultivar [20]. [21]showed 
that there was significantly lower plant height (49.71 cm at peak flowering ) and branch number (2.72) in Apis cerana F. 
pollinated plot followed by Apis mellifera L. pollinated plots (50.33 cm at peak flowering , branch number 2.89) compared 
to open pollination, hand pollination and control plot. However, genetic quality of buckwheat is best with pollen deliveries 
of at least 10 grains, thus need frequent visit of bees and other small pollinators [17]. Numerous insect groups, including 
Hymenoptera, Diptera, Coleoptera, and Lepidoptera, visit common buckwheat flowers, however Hymenoptera especially 
honeybees are the major pollinators [22]. There has been considerable research on the role that field margins play, 
especially when managed for conservation, in providing foraging and nesting sites for insect pollinators within intensively 
managed agricultural landscapes [23] [24]. Insect pollinators are responsible for the pollination of the many wild plants and 
thus play a vital role in the maintenance of terrestrial ecosystems [25]. Landscape factors might hive expected to affect 
pollinator behavior, consequently affect on production, however the farmers’ knowledge and perception regarding the 
effect of pollination has not well understood. Hence, this study was conducted to know the effects of diverse pollinator 
species on yield attributes of common buckwheat at three agro-ecological sites i.e. semi-natural (Megauli), organic 
(Fulbary) and intensive agriculture (Jutpani) sites of Chitwan district during the winter season of 2012/13 and 20013/14.  
 

Materials and Methods 

The research was conducted in three sites, i.e. very close to natural habitat (Meghauli VDC), organic farming site (Fulbari 
VDC), intensive agriculture practiced site (Jutpani VDC) of Chitwan district for two years (2012-13 and 2013-2014).The 
experiment in RCBD wirh Factor A: Agro-ecosystem (semi natural, organic, intensive agriculture), Factor B: Pollination 
(open, hand pollination, bee supplementation with Apis melifera L and without pollination).  Each treatment was replicated 
four times in each agro-ecosystem. Two framed broods A. mellifera L. were evaluated in bee supplemented treatment 
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plots), In case of hand pollination, each treatment was evaluated in 1 m² area. Land preparation was done by conventional 
tillage and harrowing. FYM were incorporated with the rate of 10 ton/ha and NPK of 30:20:10 kg/ha. Seeds were sown on 
3rd week of November with crop geometry of 15 cm×10 cm and seed rate of 60 kg/ha. Plants were harvested when grains 
at lower nodes turned brown and were allowed to dry for easy threshing. Experimental plots (12 plots) were caged with 
mosquito nylon net of 5×3m2 size and 4 plots with same net of size 1×1 m2. The plots assigned for control and bee 
supplementation with  Apis mellifera L. were caged with net of 5×3 m2 and for hand pollination plot, caging was done in 
1×1 m2 area. The A. mellifera hive with 2 frame bees were kept within the cage. Within this area, 1×1 m2 was taken as 
experimental unit for data recording. Caging was done at 5-10% flowering up to 90% flowering. Bee colonies were fed with 
1:1 sugar syrup once in a week throughout the entire pollination .For assessing the diversity and intensity of pollinators in   
the near and far from natural habitat, a big plots of 25m x 50m was selected in nearby of farmers’ fields (followed the [26] 
Insect visitation rates were observed and recorded at 10%, peak and 10% remaining to flower by counting the number of 
flower visits per m2 for five minutes. Only insects that visited flowers flowers were captured or counted; thus, insects 
visiting other portions of the plant were excluded. The observations were made at 10-11 AM under sunny weather 
conditions with temperature above 17°C. Measured such biometric parameters inclues plant height, total number of 
brances per plant, inflorescences per plant, test weight of 1000 grains, grains yield per sq m. Collected data were analyzed 
using the ANOVA procedure in MSTATC program.  

Results and Discussion 
Plant height  
There was significance difference on the plant height of buckwheat in pollination treatments compared to ocontrol (Table 
1). 
 
Table 1. Effect of honeybee pollination on plant height (cm) at different stages of buckwheat (DAS) at different locations 
of Chitwan, Nepal in 2012/13 and 2013/14. 
 

Agro-
ecosyste
ms 

Treatment 

Plant height (cm) 

10% F 

Ave 

Differ
ence 
with 
contr
ol (%)   

Peak flowering 

Ave 

Differe
nce 
with 

control 
(%)   

10% Remaining 

Ave 

Differ
ence 
with 
contr
ol (%)   

2013/14 2014/15 
2013/1

4 
2014/1

5 
2013/

14 
2014/1

5 

Semi-
natural 

Open 39.2b 43.2ab 41.2 17.70 52.1ab 52.9c 52.5 6.3 63.9c 62.1b 63 39.0 

Bee 
supplementation 

44.8a 46.9b 45.9 8.00 50.3b 57.0b 53.7 5.1 61.3c 68.4ab 64.9 
13.9 

Hand pollination 47.8a 51.3a 49.5 0.57 58.8a 63.2a 61 -2.2 69.6b 73.5a 71.6 5.0 

No pollination 
(control) 

51.97a 47.7a 49.9   55.5a 62.0a 58.8   76.3a 74.4a 75.4 
  

Organic 

Open 43.3ab 44.4a 43.9 8.55 53.7b 54.0ab 53.6 9.2 63.9b 65.4b 64.7 37.9 

Bee 
supplementation 

45a 41.9a 43.5 13.62 54.7b 53b 53.9 8.9 66.8b 63.1b 64.9 
12.3 

Hand pollination 46.6a 47.0a 46.8 6.96 56.5ab 55.8a 56.2 6.6 68.2b 66.6ab 67.4 9.0 

No pollination  50.3a 50.3a 50.3   64.9a 60.7a 62.8   74.9a 73.2a 74.1   

Intensiv
e Ag 

Open 35.6c 42.7b 39.2 5.54 48.5b 52.3b 50.4 10.8 58.5b 64.3b 61.4 37.6 

Bee 
supplementation 

45.7b 39.2b 42.5 12.83 56.5ab 50.4b 53.5 7.7 67.1a 60.1b 63.6 
13.7 

Hand pollination 48.9a 49.1a 49 -0.62 60.5a 53.7b 57.1 4.1 70.9a 64.8b 67.9 7.9 

No pollination  48.3a 49.1a 48.7   59.4a 62.9a 61.2   72.9a 74.5a 73.7 39.0 

  Significance (<0.05)   
  Location Ns   Ns   ns   
  Treatment *   *   *   
  LSD value 5.424   5.424   5.501   
  CV% 7.97   6.76%   5.73   

 
The plant height of buckwheat was non significance among locations, howover it is significant among treatments. The 
significant difference on the plant height of due to the effect of insect pollination on buckwheat.  The plant height was 
shorter in open, hand pollinated, bee pollinated treatments compared to control. Non significant results in eco-types was 
mainly due to the well distribution of pollinators in all locations. 
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Number of branches 
The number of branches per plant was also found lower than non pollinated plants. During peak flowering, the open pollination, honeybee pollination were 
found lowering by 33.3 and 31.3 percent compared to no pollination (control), and   In case of hand pollination, there was somewhat higer  ( 2.1 %)  numbers 
of plant compared to control in semi-natural site.In organic site there was 37.5, 35.4, 0.0 percent in open, bee pollination and hand pollinated plots   
respectively. Similarly, in intensive agriculture site, the treatments (open, bee and hand plollinated) plots followed trend as mentioned above, i.e lowering the 
number of branches   by 21.6, 16.0, and 8.0 percent. During 10% remaining to flowering, differene in branches/plant in open pollination, bee pollination and 
hand pollination were lowered by 34.1, 32.5, +10.6 in semi-natural; 32.3, 40.0, 1.5 in organic and 18.8, 24.8, 12.8 in intensive agriculute, respectably. 
 
Table 2. Effect of honeybee pollination on number of branches per plant at different stages of buckwheat (DAS) at different locations of Chitwan, Nepal in 
2012/13 and 2013/14   

Agro-
ecosystems 

Treatment 

Number of branch/plant 

10% Flowering 
  

Peak flowering 
  

10% Remaining of flowering 

201
2/13 

2013/1
4 

Ave 

Difference to 
respective 

control 
(%) 

2012/13 2013/14 Ave 

Difference 
to 

respective 
control 

2012/13 2013/14 Ave 

Differenc
e to 

respectiv
e control 

Semi-
natural 

Open 2.5a 2.9a 2.7 3.6 3.8c 4.3b 4 33.3 4.8b 4.3b 4.05 34.1 

Bee supplementation 2a 2a 2.0 28.6 4b 4.3b 4.1 31.3 4.3ab 4.1b 4.15 32.5 

Hand pollination 2.3a 1.8a 2.0 28.6 5.5a 6.8a 6.1 -2.1 6.8ab 6.8b 6.8 -10.6 

No pollination (control) 2.8a 2.8a 2.8 
 

6.5a 5.5a 6.0 
 

5.8a 6.5a 6.15 
 

Organic 

Open 2.8a 2.3a 2.6 3.7 4b 3.5b 3.8 37.5 4.5b 4.3b 4.4 32.3 

Bee supplementation 3.3a 2.8a 3.0 -11.1 3.8b 4b 3.9 35.4 3.8b 4b 3.9 40.0 

Hand pollination 2.3b 2.3a 2.3 16.7 5.8a 6.3a 6.0 0.0 5.8b 6.9b 6.4 1.5 

No pollination (control) 2.5b 3a 2.7 
 

6.3a 5.8a 6.0 
 

6.5a 6.6a 6.5 
 

Intensive Ag 

Open 2.8a 2.5a 2.7 0.0 4.8a 5.0b 4.9 21.6 4.8b 6.0b 5.4 18.8 

Bee supplementation 2a 2a 2.0 25.9 4.8a 5.8a 5.3 16.0 4.8b 5.3ab 5 24.8 

Hand pollination 1.8a 2.5a 2.2 18.5 5a 6.5a 5.8 8.0 5b 6.5ab 5.8 12.8 

No pollination (control) 2.8b 2.5a 2.7 
 

5.8a 5.5a 6.3 
 

6.8a 6.5a 6.65 
 

  Significance (<0.05) 
         

 
    Location Ns 

 
Ns 

 
Ns 

  Treatment Ns 
 

* 
 

* 

  LSD value 1.034 
 

1.662 
 

2.351 

  CV% 30.46% 
 

21.59% 
 

22.97% 

 
The number of branches at different times of flowering indicated non-difference among agro-ecosystems, i.e lowering of number of branches, howover, it was 
significantly differnces in number of branches among treatments.  At 10% flowering, it was not significant but significant in peak and 10% remaining to flower.  
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Number of blossoms 

Number of blossoms per plant in pollinated plots were higher irrespective to treatments compared to control It was highly significant among the treatments 
(P≤ 0.01). The highest number of blossoms per plant of buckwheat was observed honeybee pollinated plots and open pollinated plots compared to control. 
Locationwise, the results was not significant (Table 3).   

Table 3. Effect of honeybee pollination on number of blossoms per plant of buckwheat at location, Chitwan, Nepal, 2012/13-2013/14 

Location 

 
 
Treatment 

No.of blossoms at 
10% flowering 

Ave Differnce 
to 

respective 
control 

No.of blossoms at 
50% flowering 

Ave Differn
ce to 

respect
ive 

control 

No.of blossoms 10% 
remaining of flowering 

Ave Differnc
e to 

respectiv
e control 2012/13 2013/14 2012/13 2013/14 2012/13 2013/14 

Semi-natural 

Open 12.3a 12ab 12.2 27.9 17.3a 16.5ab 16.9 21,2 9.8a 10.8a 10.3 10.4 

Bee supplementation 12a 13.5a 12.8 34.2 16a 18a 17 22.3 9.5a 11.3a 10.4 9.6 

Hand pollination 12.3a 11bc 11.6 12.4 17.3a 13.8bc 15.5 11.5 11.3a 12.3a 11.8 2.6 

No pollination (control) 9.8a 9.3c 9.5  14.8a 13c 13.9  12.5a 10.5a 11.5  

Organic 

Open 11.3a 13.3a 12.3 12.4 15.5a 16.8a 16.1 15.8 10a 11.5a 10.8 4.7 

Bee supplementation 11.3a 12.8ab 12 10.1 16a 16.8a 16.4 18 10.5a 11.8a 11.1 9.4 

Hand pollination 11.3a 11.8ab 11.5 5.5 18a 15ab 16.5 18.7 11.8a 10a 10.9 2.3 

No pollination (control) 11.3a 10.5b 10.9  15a 12.8b 13.9  10.8a 10.5a 10.6  

Intensive Ag 

Open 11ab 12.5ab 11.8 14.6 15.5b 17.5a 16.5 7.75 10.5a 8.5a 9.5 22.1 

Bee supplementation 13.3a 14.8a 14 36.6 19.3a 17.3a 18.5 12.9 13.3a 11.5a 12.4 10.2 

Hand pollination 13a 11.3b 12.1 18 16b 15.5ab 15.8 7.75 10.5a 10.5a 10.5 13.4 

No pollination (control) 10.3b 10.3b 10.3  13b 12.8b 12.9  12.8a 11.5a 12.1  

Significanace 
( ≤ 0.5) 
Location 
Treatment 

 
 

 
 

** 
Ns 

   
 

ns 
** 

   
 

ns 
ns 

  

LSD  2.351   2.926   2.853   

CV  7.14   6.07   8.33   
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Yield attributes 

Seed per plant  in open, bee and hand pollinated plots were result  of  298.6, 310, 273.3 percent higher  seeds per plants 
than control in seminatural site; 285.2, 378 .6, 240 percent higher in organic;  and 353.8, 463.1, 313.8 percent higher in 
intensie agriculture site .While considering 1000 grains weight,  it was higher weight  by 53.1, 59.6, 53.1 in open, bee and 
hand pollinated treatment  under seminatural site,  41.9, 41.6, 38.5 in organic site  and 42.2, 46.4, 24.4 in intensive 
agriculture site respectively.. The yield was also increased in pollination treatments irrespective to sites.  i.e. open 
pollination (229.7%) ,  honeybee pollination (219.8%) and hand pollination (198.9%) in semi natural sites; open pollination 
(329.9%) ,  honeybee pollination (347 %) and hand pollination (316.2 %) in organic site;   open pollination (244.5%) ,  
honeybee pollination (253.9 %) and hand pollination (231.3 %) in intensive agriculture practiced site (Table 4).  

Table 4. Effect of honeybee pollination on number of seed per plant, 1000 grain weight and grain yield of buckwheat at 
different locations of Chitwan, Nepal, 2012/13-2013/14 

Agro-
ecosyste
ms 

Treatment 

Seeds/ plant 

Ave Differ
ence 

to 
respe
ctive 
contr
ol (%) 

 

1000 grain wt. 
(g) 

Ave 

Differ
ence 

to 
respe
ctive 
contr
ol (%) 

 

Seed Yield (g/m2) Ave Differen
ce to 

respecti
ve 

control 
(%) 

 
 

2012/
13 

2013/
14 

2012/
13 

2013/
14 

 2012/1
3 

2013/1
4 

  

Semi-
natural 

Open 29.6b 26.9b 28.3 298.6 23.6b 26a 24.8 53.1 93.2a 88.9a 91.0 229.7 

Bee supplementation 34.6a 37.9a 36.2 310 26.1a 25.4a 25.7 59.6 91.9a 84.8a 88.3 219.8 

Hand pollination 26.1c 27.1b 26.6 273.3 24.1b 25.3a 24.7 53.1 81.8a 83.2a 82.5 198.9 

No pollination (control) 7.6d 6.7c 7.1  17.6c 15.2b 16.1  29.3b 25.9b 27.6  

  
Organic 

Open 30.3b 27.6b 28.9 285.2 25.9a 23.6a 24.7 41.9 92.0a 83.5a 87.7 329.9 

Bee supplementation 37.1a 34.7a 35.9 378.6 25.1a 24.1a 24.6 41.6 94.9a 87.5a 91.2 347 

Hand pollination 25.4c 25.7c 25.6 240 25.1a 23.8a 24.4 38.5 84.7a 85.2a 84.9 316.2 

No pollination (control) 7.1d 8d 7.5  18b 16.9b 17.4  20.3b 20.5b 20.4  

Intensive 
Ag 

Open 29.5b 29.7b 29.6 353.8 23.2a 24.2a 23.7 42.2 88.8a 87.7a 88.2 244.5 

Bee supplementation 37.9a 35.3a 36.6 463.1 24.9a 24.5a 24.7 46.4 94.6a 86.6a 90.6 253.9 

Hand pollination 27c 26.8c 26.9 313.8 24.6a 24.2a 24.5 24.4 92a 77.6a 84.8 231.3 

No pollination (control) 6.8d 6.3d 6.5  17.5b 15.8b 16.7  31.5b 19.6b 25.5  

 

Significance (<0.05) 
  

  
  

  
  

  

Location Ns   Ns   Ns   

Treatment *   *   *   

  LSD value 3.831   2.225   13.6   

 
CV% 

10.99% 
 

  6.91% 
 

  11.51% 
 

  

 
Table 4 shows that pollination was very important for increasing the seed number, test weight and grain in each agro-
ecological sites. More than five times increase in yield attributes was due to the pollinators visits. Honeybee enclosed plots 
showed the greatest in seed per plant, test weight and grain yield in seminatural and organic sites in comaparion to 
intensive agriculture practiced site.  
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Population dynamic of pollinators in different distances from natural habitat 
 
Table 5. Availability of Hymenopteron pollinators (orderwise) in different  time  of flowering  found in buckwheat field 
in different distances from natural habitat visually observed (No/m2/ 5sec) in Chitwan, Nepal, 2012/13 and 2013/14. 
 

Treatments Hymenoptera 

2012/13 2013/14 

 10% F Peak F 10% R 10% F Peak F 10% R 

< 500 m from  natural ecosytems 108.7b 174.5a 114.3a 129.8a 125.83a 118.7a 

1000m 125.8a 181.3a 128.8a 115.7a 123.33a 117.8a 

2000m 118.8a 169.5a 112.7a 114.7a 112.67a 111.5a 

3000m 96.0c 133.7b 107.7b 92.67b 88.17b 109.8a 

Significance (0.05) ** ** ** ** ** ** 

LSD 17.88 27.27 19.85 17.88 27.27 19.85 

CV% 13.16 14.93 13.89 13.16 14.93 13.89 

 
Table 5 shows the significant difference among treatments.The Hymenopteron pollinators were found more number in 
during peak period and was found decreaing in 10% remaining to flowering. Hymenopteran population was found 

decreased when the locations goes away from natural habitat. In China, the probable country of origin for buckwheat [27], 

native non-Apis bees and syrphid flies accounted for over 50% of insect visits [28]. Honey bees have been shown to be an 
effective pollinator of buckwheat because they collect both pin and thrum pollen on a single trip, promoting contact with 
stigmas [17].  
 
Table 6. Availability of Diperan pollinators (orderwise) in different  time  of flowering  found in buckwheat field in 
different distances from natural habitat visually observed (No/m2/ 5sec) in Chitwan, Nepal, 2012/13 and 2013/14. 
 

Treatments Diptera 

2012/13 2013/14 

 10% F Peak F 10% R 10% F Peak F 10%R 

< 500 m from  natural ecosytems 47.0a 64.7a 49.3a 47.2a 44.8a 25.8a 

1000m 54.3 a 45.0b 29.5b 29.2b 32.3b 23.3a 

2000m 36.5b 32.3c 26.3b 34.8a 35.2b 27.7a 

3000m 31.5 b 24d 17.5c 25.3b 22.0c 12.2b 

Significance (0.05) ** ** ** ** ** ** 

LSD 9.136 11.75 9.036 9.136 11.75 9.036 

CV% 20.27 26.46 28.16 20.27 26.46 28.16 

 
Table 6 shows far the place from natural habitat, there was significant decrease in Dipteran population among the 
treatments.The visits of the insect in the flower of buckwheat was observed less in 10% flowering and 10% remaining to 
flower compared to peak flowering. Generally, the decreasd bee population if the distance goes 3000m far from natural 
agro-ecosytems. In overall, numerous syrphid flies and other Dipterrous insects was observed visiting buckwheat flowers. 

The result findings was found Similat to this finding of [29] that Syrphidae are efficient pollinators of many plants and can 
act as important predators in agricultural settings. Various flowering plant species have been shown to attract and sustain 

populations of aphidophagous in agricultural settings [30] [31]. Other, non-syrphid Diptera have been shown to be highly 

abundant and diverse within agricultural ecosystems and provide pollination services in these ecosystems [30] [32]. Table 7 
shows the significant difference among treatments that the Coleopteran pollinators found more during peak flowering and 
got decreaing in 10% remaining to flower. Coleopteran found decreasing when the locations goes away from natural 
habitat.  
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Table 7. Availability of Coleopteran pollinators (orderwise) in different  time  of flowering  found in buckwheat field in 
different distances from natural habitat visually observed (No/m2/ 5sec) in Chitwan, Nepal, 2012/13 and 2013/14. 
 

Treatments Coleoptera 

2012/13 2013/14 

 10% F Peak F 10% R 10% F Peak F 10% R 

< 500 m from  natural ecosytems 25.0a 27.7a 17.5a 27.5a 30.7a 35.7a 

1000m 25.8 a 14.3 b 14.3a 21.5a 20.3b 20.3b 

2000m 20.7 ab 13.3b 13.3a 16.8b 14.0c 14.0bc 

3000m 13.3b 11.2b 10.0b 15.8b 12.3c 12.3c 

Significance (0.05) ** ** ** ** ** ** 

LSD 8.285 5.954 7.489 8.285 5.954 7.489 

CV% 33.76 24.53 37.96 33.76 24.53 37.96 

 
Table 8. Availability of Lepidopteron pollinators (orderwise) in different  time  of flowering  found in buckwheat field in 
different distances from natural habitat visually observed (No/m2/ 5sec) in Chitwan, Nepal, 2012/13 and 2013/14. 
 

 
Lepidioperan population was  significantly difference in popultaion when the field of visit goes far from natural habitat ( 
Table 8) .The visits was observed less in 10% flowering and 10%  remaining to flower compared to peak flowering .This is 
due to  greater availability of  flowers during peak flowering. Generally, the decreasd bee population if the distance goes 
more than 500m from natural agroecosytems. 
 
Table 9. Effect of pollinators in the average production of rapeseed near to and far from natural habitat Megauli, 
Chitwan, Nepal, 2012/13 and 2013/14. 
 

Treatments Lepidoptera 

2012/13 2013/14 

 10% F Peak F 10% R 10% F Peak F 10% R 

< 500 m from  natural ecosytems 6.7a 13.7a 13.7a 10.8a 12.8a 12.8a 

1000m 5.5ab 7.50b 7.5b 7.2b 6.8b 6.8b 

2000m 3.5b 7.3bc 7.3bc 5.8b 8.8bc 8.8ab 

3000m 4.2bc 5.7c 5.7c 4.5b 6.7c 6.7c 

Significance (0.05) ** ** ** ** ** ** 

LSD 2.703 3.946 3.946 2.703 3.946 3.946 

CV% 38.07 38.61 23.34 38.07 38.61 23.34 

Treatments Average grain yield ( kg/ha) 

2012/13 2013/14 

< 500 m from  natural ecosytems 812.4a 758.2a 

1000m 758.2ab 608.5b 

2000m 706.9bc 395.0c 

3000m 605.0c 394.6c 

Significance (0.05) ** ** 

LSD 87.26 87.26 

CV% 10.8 10.8 

The visits of pollinators found significantly effect on the production of rapeseed. If the place near to the natural habitat the 
higher was the production whereas the production was decreased when the field far from natural habitat.  
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Discussion 

The effect of bees and other insects on pollination showed significant difference in plant height, number of branch and 
yield attributes (seed per plant, 1000 grain weight and grain yield) of buckwheat compared to not pollination in all 
locations of study. Plant height found significantly higher in control. Branch number was also lower in most of the cases. 
This finding is in line with the result of [19] that the plant height of buckwheat with open pollination was 19.6% and bee 
pollination was 16.8% shorter, respectively than control plot. [21] showed that there was significantly lower plant height 
(49.71 cm at peak flowering) and branch number (2.72) in Apis cerana F. pollinated plot followed by Apis mellifera L. 
pollinated plots (50.33 cm at peak flowering , branch number 2.89) compared to open pollination, hand pollination and 
control plot. Buckwheat produced 21.7- 41.4% higher seed yield when intensively visited by pollinators compared with the 

seed yield obtained in isolated areas [33]. Honeybee pollination increased fruit set by 10 to 25 percent and fruit yield by 18 
to 100 percent depending upon the cultivar [20]. Hand pollination produced seed set comparable to the open cages 

increases up to 43% [34].  

In this experiment, the yield of buckwheat was not consistent with honeybee pollintion verified by a research done in 

Newyork that bee could not deliver pollen to reach pollen load over a short time [34]. The higher significant difference on 
the grain yield of buckwheat in pollinated treatments with control might be due to poor pollination on control plot. Some 

seed set in control treatments due to wind pollination as mentioned by [35] stated that seed set due to airborne pollen is 

the same (l %) as in pollen-free air [36]. [37] demonstrated that the highest 1000 grain weight was in caged condition with 
honeybee (25±0.8 gm) than open and control pollination plots is comparable to the findings. In this research, insignificant 
results obtained among locations might be due to predominance of natural pollinators in thes study sites. Hence, it is 
necessary to study the minimum bee population for satisfactory pollination which can be estimated by determining the 

relationship between bee activity and seed set. The increased yield near to natural habitat could justify since [38] [39] [40] 

and [41] showed within intensively managed agricultural landscapes, natural or semi-natural components provide 
important nesting and foraging sites for insect pollinators and proximity to such habitats has been found to increase 

pollinator species richness, crop visitation rates and pollination success. The grain yield related to abundance of pollinator 

[42] obtained buckwheat grain yield of 1,700 kg/ha near to forest might be due to the sufficient visits of pollinators there.  

at near to bee hive and only 500 kg/ha at away from the hive. [43] obtained 1,470 kg/ha grains adjacent to bee hive, but 

only 840 kg/ha away from the hive. [19] found that the increament in harvest index by 12.13% in bee pollination over 
control. This study shows the importance of considering the effects of landscape context on pollinator abundance  that 
semi-natural habitats are factors that have enhanced bee populations and the pollination services bees provide in coffee 

[44], buckwheat [11], sweet cherry [45]and almond [46] production.  Distance goes from forest did effect negatively on 

grain yield of buckwheat in this researh concurrence  wirh the findings of  [11] and [39] that they concluded  distance to 
remnant vegetation is often negatively correlated with crop yields, as pollinator diversity and pollination services decline 

with greater isolation from natural or semi-natural habitats. However, [11] did highlights the requirement of multiple scale 
analysis for detecting these effects on the assemblage of local pollinators near to seminatural areas.  

Good yield received in intensive agriculture practiced site reflects the species richness comparable to the findings of [47] 
that honeybee abundance on sweet cherry blossom showed a positive trend in relation to intensive fruit cultivation within 
250 m and increased significantly with increasing intensive fruit cultivation within 1000 m.This finding confirms a positive 

relation between honeybee abundance by intensive agriculture [47]. However, there is no relation [48] and negative 

relations between honeybee abundance and intensive agriculture have also been detected [49][45] and wild pollination 
service to apple, strawberry, oil seed rape, buckwheat, field bean, pumpkin and sweet cherry decreases with increasing 

intensive agri- culture in the surrounding landscape [50] [47] [51] [52].  In this experiment the yield of buckwheat was not 
found consistent with honeybee pollination and hand pollination verified by a research done in Newyork that bee could 

not deliver pollen to reach pollen load over a short time [34] and also the genetic quality of buckwheat which benefits 

from pollen competition (for which simultaneous delivery of> 10 pollen grains is needed) [17]. 

Buckwheat field visited by a diverse kinds of insects dominantly wild and domesticated honeybees and flies, which are 

similar to a study done in buckwheat by [37] in Chitwan.  He noticed the Rock bee, Little bee, European bee, Native bee, 
Hymenopteran wasps, Syrphid fly, Tabanid fly, March fly, Rice skipper, Legume pod borer, , Lady bird beetle, and Muscid fly. 

GSJ: Volume 6, Issue 11, November 2018 
ISSN 2320-9186 

408

GSJ© 2018 
www.globalscientificjournal.com 



  
 

In flies the dominant pollinator were Syrphid flies (Eristalis cerealis) as mentioned the predominant pollinators [53]. 
Buckwheat is visited by a diverse fauna, including Hymenoptera: honey bees (Apis mellifera L.), bumble bees, solitary bees 

and wasps; Diptera: Syrphidae and others; and Lepidoptera, and other orders [54] [55] [56] [57] Increased yield in semi 
natural, organic and intensive agriculture sites might be diverisy in the pollinators there. Because, four to five pollinator 

visits were necessary for good production in buckwheat [53] [17].  

Conclusions 
The impact of pollinators on each system has resulting significantly increased yields compared to restricted pollination. 
There is relatively lower yield in intensive agriculture field, compared to seminatural and organic sites. There was 
significance difference on the plant height of buckwheat in pollination treatments compared to ocontrol. The buckwheat 
plants freely visited by insects-pollinators  during 10% remaining to flowering it was shorter  by 16.4, 13.9, and 5.0 in semi- 
natural, 12.7, 12.3, 9.0 in orgaic and 16.7, 13.7 and 7.9 in intensive agriculute respectively than the plants isolated from 
pollinators.  Insufficiently pollinated buckwheat  during 10% remaining to flowering, differene in branches/plant in open 
pollination, bee pollination and hand pollination were lowered by 34.1, 32.5, +10.6 in semi-natural; 32.3, 40.0, 1.5 in 
organic and 18.8, 24.8, 12.8 in intensive agriculute compared to control.  Seed per plant in open, bee and hand pollinated 
plots increased by 240- 463%. While considering 1000 grains weight, it was higher by 24.4- 59.6%.  The yield was also 
increased in pollination treatments irrespective to sites ranges from   219.8 - 347 % compared to control (restricted 
pollination). Honeybees constituted the largest number insect visitors to the flowers during the time that pollen was 
available. Other insects included flower visiting were flies, Syrphus spp. F.; houseflies, Musca domestica, L.; beetle ladybird 
beetles, Cocinella and few butterflies. Integrating conservation and managed bees, is therefore crucial to sustain agriculture 
productions through optimized management of agronomic inputs and biodiversity-based ecosystem services such as 
enhancing agro- ecolological context for pollinators, reduce synthetic pesticides, plant hedgerow and flowering 
strips,employ drip irrigaition, provide nesting resources, conserve semi-natural areas ,enhance within field floral resources 
and farmland heterogeneity , organic farming, small crop fields, sow flowring crops increase crop diversity across landscape 

inter-temporary stagger crop floral activity as suggested by researhers [38] [39] [40] [58] [47]. Furthermore, beebread 
protein content correlates with land use suggests that landscape composition may impact on insect pollinator well-being 

[39]. Hence, the suitable hibernating places, availability of pollen and nectar source, less human intervention and less 
chemical pesticide resulted in the higher population of flowers visitors. 
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