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Abstract
In the face of sporadic pollinator availability, fruit crops are believed to have evolved 
selfing, outcrossing, apomixis, or mixed mating strategies to ensure effective 
reproduction. This study investigates the species’ breeding system and pollination 
efficiency by evaluating five pollination treatments: open pollination, cross-
pollination, geitonogamous self-pollination, autogamy and apomixis. Apis cerana  
was found to be the most common mandarin pollinator, with a pollination 
efficiency of 0.5. Sikkim mandarins have partial self-incompatibility, according to 
field tests, with an index of self-incompatibility index (ISI) of 0.28. Fruit set varied 
significantly across treatments, with open pollination yielding the highest fruit set 
(46.00 ± 3.10%), followed by geitonogamous self-pollination (31.00 ± 6.48%),  
xenogamous pollination (14.00 ± 2.45%), autogamy (4.00 ± 2.29%), and 
apomixis (5.00 ± 2.45%). ANOVA revealed significant differences in fruit weight 
(F = 44.299, p < 0.001), diameter (F = 8.679, p < 0.001), and fruit seed count 
(F = 4.559, p < 0.01), whereas total soluble solids (TSS) and acidity showed no  
significant variation (p > 0.05). Autogamy generated the lowest average fruit weight  
(22.56 ± 2.97 g), while open pollination produced the highest (54.65 ± 2.72 g). 
These results underline the ecological and economic importance of pollination 
management in citrus plantations in the Eastern Himalayas, emphasizing the 
need for efficient pollinators for the best fruit set and quality.
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Introduction
Crop productivity is influenced by three fundamental 
categories: environmental, biological, and technical 

factors. Among these factors, pollination also play a 
crucial role in successful reproduction where one-
third of the global food crops depend on animal 
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pollination.1,2 Pollination enhances the fruit and 
seed quality and also increases the productivity 
of 70% of 1330 tropical crops3 and 85% of 254 
crops in Europe.4 Likewise, many of the plantation 
crops such as cardamom, coffee and vegetable 
crops are dependent on pollination.5-8 Amomum 
subulatum demonstrated higher yields with an 
increased abundance of bumblebees and bees in 
plantations.9,10 Coffea arabica relies on both wind and 
insect pollination, which has been shown to enhance 
coffee productivity by 50%.11 Similarly, experimental 
augmentation of insect pollinators in apple orchards 
significantly improved fruit set and yield.12,13

The primary significance of increasing yield lies in 
its potential to alleviate poverty substantially. This 
is especially important in places like Sikkim, where  
a large portion of the people depends on agriculture 
for their livelihood and security.14 Among the various 
crops grown, Sikkim mandarin is a key cash crop.15 
However, its reported decline in yield over the 
years poses a significant threat to the livelihoods 
of farmers who rely on it. Pollination, with its 
proven capacity to enhance crop yields,10 could 
play a pivotal role in reversing the decline in Sikkim 
mandarin productivity. The declining productivity 
of mandarin in the eastern Himalayas is a major 
concern and has consistently been linked to pest and 
disease outbreaks, insufficient availability of planting 
material, and inadequate management practices.16,17 
While pollination is critical for improving yields, the 
challenges associated with Citrus crops are more 
complex compared to other fruit crops.

Citrus has diverse pollination requirements, resulting 
in conflicting reports about its response to pollination. 
Citrus varies from self-fertile to complete self-sterile 
where pollens must be transferred to such self-sterile 
flowers from other compatible types for greater 
yield.1 In some cases, the transfer of pollen between 
flowers within the same cultivar or species enhances 
fruit production, while in others, self-pollination using 
a flower's own pollen is sufficient for optimal yield.1 
Citrus, in particular, has been identified as a crop 
with minimal or no reliance on insect pollination.1 
However, domestication over the years with the 
practice of grafting18 has resulted in the formation 
of hybrids. Moreover, domestication also results in 
changes in crop species when compared to their wild 
progenitors.19-21 The 'Interdonato' lemon has been 

identified as a citron × lemon hybrid.22 Additionally, 
pollination involving other Citrus hybrids can result 
in citron hybrids when propagated through seeds.18 
Therefore, the varieties do not remain entirely static 
irrespective of its asexual reproduction23 and the 
likelihood that its pollination requirements have 
changed overtime cannot be overlooked. Lemon 
trees isolated from bees produced only one-fourth 
of the fruit compared to those subjected to cross-
pollination.24 In oranges, honeybees contributed 
to a 31% increase in fruit set, a 22% increase in 
fruit weight, a 33% increase in juice content, and 
a 36% increase in seed number.25 However, bees 
had no effect on the production of “Valencias”26 
whereas cross-pollinating it with "Pearl" tangelo 
pollen was found to boost its fruit set and seed 
number. Pollination issues are notably pronounced 
in the mandarin and mandarin-hybrid complex.1 
While mandarins exhibit some degree of apomixis,27 
certain varieties are self-incompatible, sterile, 
parthenocarpic, or produce defective pollen.28,29  
The yield of ‘Clementine’ tangerines increased 
significantly when cross-pollinated by bees with 
‘Dancy’, ‘Temple’, ‘Duncan’, or other seedy cultivars.30  
Additionally, cultivars such as ‘Lee’, ‘Page’, ‘Nova’, 
and ‘Robinson’,31 as well as ‘Orlando’, ‘Minneola’, 
and ‘Osceola’, were identified as self-incompatible.32 
The ‘Hyuganatsu’ mandarin, on the other hand, was 
found to be self-sterile but cross-fertile.33 Such vast 
variation in requirements of pollination in citrus and 
mandarin cultivars makes it hard to ascertain the 
breeding system and pollination biology of mandarin 
cultivars. Therefore, this study investigates the 
following queries in light of the dynamic character 
of mandarin cultivars regarding their pollination 
biology and breeding system: (i) Are mandarins 
self-compatible? (ii) How reliant on pollination are 
mandarins? (iii) What is the Mandarin's reproductive 
success rate? (iv) Can problems with crop yield 
be resolved with a better knowledge of pollination 
biology and the breeding system?

Materials and Methods
Study Site
The study was carried out in an orchard located in 
Dzongu, in the northern district of Sikkim, India (27° 
28.423’ N, 88° 30.602’ E, 1151 m a.s.l.), during the 
peak blooming period at the onset of spring in March 
2021 and 2022. The research site experiences 
rainfall of 211.16 mm per year with temperatures 
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ranging from a minimum of 14.70 °C to a maximum of 
23.82 °C. The subtropical forest type of the study site 
is home to numerous species of Alnus nepalensis, 
Albizia spp., Macaranga spp., Juglans regia, and 
Myriocarpa spp.

Field Data Collection
Pollination Activity
An observation period of the day was determined after 
preliminary observations were taken. Accordingly, a 
plot with thirty open flowers and seven healthy trees 
were chosen.34 Only when a visitor comes into 
contact with the stigma and anther while foraging is 
it deemed a pollinator. For seven days (168 hours in 
both years) during the peak flowering season, from 
6th March – 11th March 2021, and 10th March –17th 
March 2022, the pollinators' frequency of visits inside 
the plot was recorded at hourly intervals beginning at 
0600–1800 h. For one week, the seven healthy trees  
that were chosen for the study were watched one 
after the other.

Pollination Treatments
Hand-pollination experiments were used to evaluate 
the pollinator reliance and breeding system of 
mandarin oranges. Out of seven healthy trees, five 
sets of flower buds were chosen at random and 
bagged before anthesis and anther dehiscence. 
Ribbons of various colours were used to identify 
each pair. The first set (N=100) was bagged without 
emasculation in order to verify autogamy. On the day 
of anthesis, the bags were opened, and pollen from 
the newly dehisced anther of the same flower was 
used to fertilize the flowers. Following emasculation, 
the second batch (N=100) was bagged in order 
to check for apomixis. The third set (N=100) was 
bagged after emasculation for geitonogamous self-
pollination. The bags were opened, the emasculated 
flowers were pollinated with pollen from another 
flower on the same plant, and the bags were then 
sealed again on the day of anthesis. The fourth set 
(N=100) was bagged similarly after emasculation, 
but the blooms were pollinated with pollen from a 
flower on a separate plant before being rebagged 
in order to evaluate xenogamous pollination. To 
demonstrate open pollination, the fifth set (N=100) 
was not treated.34 A separate set of flowers was 
enclosed in bags, and a pollinator was allowed a 
single visit before the flowers were re-bagged to 
assess pollination efficiency (PE).34 On November 

2, 2021, and November 12, 2022, the mature fruits 
for each set were harvested. The percentage of fruit  
set for each set of flowers during the fruiting season 
was recorded in order to assess the breeding 
experiment's outcomes.

Breeding System
The breeding system of the species was analyzed 
using the index of self-incompatibility (ISI),35 which 
is calculated as the ratio of fruit set in self-pollinated 
flowers to fruit set in cross-pollinated flowers. Fully 
self-compatible species have an ISI of 1 or higher, 
moderately self-compatible species have an ISI 
of 0.2 but less than 1, and fully self-incompatible 
species have an ISI of <0.2 or less than 1.35

Pollinator Dependency
Pollinator dependency (PD) was computed by 
deducting the proportion of fruit set attained by 
autogamy from the percentage of fruit set attained 
through open pollination.36 When the PD index is 
zero, there is no reliance on pollinators; when it is 
100, there is total reliance on pollinators.

Pollination Efficiency
Spear’s pollination index = (Pi-Z)/(U-Z) was used to  
assess pollination efficiency based on the number of 
seeds produced per visit.34 Pi represents the average 
number of seeds in the fruit following a single 
pollinator visit, i, z represents the average number 
of seeds in the fruit that did not receive any pollinator 
visits, and U represents the average number of seeds  
in the fruits that received unrestricted visits.37 The 
pollinator efficiency index is a number between 0 and 1,  
where 0 means the pollinator has no effect on the 
production of fruit or seeds, and 1 means that the 
pollinator's contribution is equal to the amount of fruit  
or seeds produced by flowers that were left open 
to pollinate.

Pollen limitation
Pollen restriction was evaluated by dividing the fruit 
set in cross-pollinated flowers by the fruit set in open-
pollinated flowers.38 On this scale, zero represents 
no pollen limitation and one hundred represents total 
pollen limitation.

Pollen Fertility
Pollen fertility was assessed using in-vitro germination 
utilizing the sitting drop culture method.34 At intervals 
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of 0, 3, 6, 9, and 24 hours following anthesis, a small 
layer of pollen was applied to a dry microscope slide. 
The slide was then prehydrated for 30 to 60 minutes 
in a humidity chamber. At each time point, pollen 
from four distinct trees was gathered and cultivated 
in four repetitions. After that, the prehydrated pollen 
was spread out on a microscope slide in a 20–30 µl 
drop of regular germination medium. 100 mg/l boric 
acid and 10% sucrose were combined to create 
the standard medium. Before being assessed to 
determine the percentage of germination, the pollen 
cultures were incubated in the humidity chamber for 
two hours.

Quantitative and Physico-Chemical Analysis
After gathering fruits from several pollination 
treatment sets (N=10), morphological characteristics 
like height, diameter, weight, and quantity of seeds 
per fruit were measured.39 The juice's acidity was 
assessed using acid-base titration, and its total 
soluble solids (TSS) were measured using a hand 
refractometer (ERMA Japan).

Statistical Analysis
Using R version 3.5.2, a Pearson correlation test 
was used to investigate the connection between 

pollinator abundance and environmental factors. 
Additionally, stepwise multiple linear regression 
was carried out using IBM Corp.'s SPSS version 
18 to predict the effect of environmental factors 
on pollinator abundance. One-way ANOVA with 
Post hoc Gabriel tests were used to examine the 
quantitative characteristics of fruits under various 
treatments. Spearman's rank correlation coefficient 
was used to examine the relationship between pollen 
viability and time.

Results 
Foraging Activity
The common honeybee was determined to be the 
most common pollinator during the observation 
period. A. cerana regularly returned to the same 
flowers, and the flowering rhythm was asynchronous. 
The blooms lasted for three days, after which the 
petals would drop when they came into contact with 
a pollinator. The frequency of trips peaked between 
10:00 AM and 1:00 PM (Fig. 1), following which there 
was a slow decrease until foraging halted at 6:00 
PM. Foraging activity started at 8:00 AM.

Fig. 1: The frequency of visits by A. cerana during various time slots throughout the day, 
recorded over a 7-day study period. A total of 30 flowers (n=30) were included in the study plot.

Correlation and Multiple Linear Regression 
Analysis
Temperature, relative humidity, and carbon dioxide 
had no discernible effects on A. cerana field activities,  
according to an examination of pollinator abundance 
on mandarin orange blossoms in relation to 

environmental factors (Table 1). On the other hand,  
there was a substantial negative association 
between temperature and carbon dioxide (r = -0.829,  
p = 0.01) and a strong link between relative humidity 
and carbon dioxide (r = 0.964, p = 0.01). Temperature 
significantly affected A. cerana abundance, according  
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to stepwise multiple regression analysis (p = 0.019, 
Table 1). An increase of 47 ± 15 individual A. cerana 
visitors per hour was estimated by the resulting 
multiple linear regression model, which had an 

adjusted R2 value of 0.613 for every degree Celsius 
of temperature increase. Carbon dioxide was not 
included in the model among the three predictor 
variables (t = 0.630, p = 0.552).

Table 1: Results of multiple linear regression analysis evaluating the 
impact of environmental variables on the abundance of A. cerana.

Variable	 β	 SE	 t value	 p value	 R2

Temp (°C)	 46.95	 14.67	 3.20	 0.019	
RH	 30.47	 15.74	 1.93	 0.101	 0.613
CO2	 -0.82	 1.31	 0.63	 0.552	

β = regression coefficient; SE = Standard Error, R2 = coefficient of determination; 
RH = Relative Humidity, Temp = Temperature, CO2 = Carbon-dioxide

Fruit Set, Breeding System and Pollinator 
Dependency
One of the main reasons the blossoms attracted 
pollinators was the strong scent they emitted. 
Mandarins were found to be moderately self-
compatible with an index of self-incompatibility (ISI) 
of 0.28 and a pollinator dependency of 42%. Fruit set  

during open pollination was 46%, while fruit set by  
autogamy and apomixis was 4% and 5%, respectively 
(Table 2). Pollen fertility, a measure of pollination 
efficiency, decreased significantly over time (r = 0.001,  
p<0.005), with fertility percentages of 90.77, 55.56, 
40.24, 28.85, and 17.65% at 0, 3, 6, 9, and 24 hours, 
respectively (Fig. 2).

Fig. 2: Pollen fertility percentage at various storage durations.

Physico-Chemical Analysis
The physico-chemical properties of fruits varied 
significantly across different pollination treatments 
(Table 2). With the largest fruit set (46.00 ± 3.10%) 
and seed count (12.00 ± 4.96), open pollination 
yielded the heaviest fruits (54.65 ± 2.72 g). Cross-
pollination produced a lower fruit set (14.00 ± 
2.45%) and smaller fruits (40.72 ± 3.65 g). Autogamy 
produced the smallest fruits (22.56 ± 2.97 g) and the 

lowest fruit set (4.00 ± 2.29%), while geitonogamous 
self-pollination produced moderate fruit weight 
(51.61 ± 4.08 g) and fruit set (31.00 ± 6.48%). 
Apomixis yielded limited fruit set (5.00 ± 2.45%) 
seedless fruits. With minor variances, total soluble 
solids (TSS) and acidity were largely constant 
among treatments. In contrast to self-pollination and 
apomixis, these findings show that open pollination 
increases fruit weight, seed count, and fruit set.
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Statistical Analysis of Pollination effects on 
Fruit Traits
ANOVA revealed significant effects of pollination 
treatments on fruit parameters (Table 3). Fruit set %, 
fruit weight, and fruit diameter all varied significantly 
(p < 0.001), suggesting that pollination had a major  
impact on these characteristics. Significant differences  

were also seen in fruit height and seed count (p < 0.01).  
TSS (°Brix) and acidity, on the other hand, did not 
differ significantly (p > 0.05), indicating that pollination 
treatments have no effect on these characteristics. 
These findings highlight the critical role of pollination 
in fruit development and reproductive success.

Table 2: Physico-chemical properties of fruits resulting from different pollination treatments.

Treatments	 Avg. Weight	 Avg. Height 	 Avg. Diameter	 No. of	 TSS	 Acidity	 Fruit 
	 (g)	 (mm)	 (mm)	 seeds	 (°Brix)		  set (%)

Open pollinated	 54.65	 41.17	 48.67	 12.00	 10.40	 1.13 ±	 46.00 
	 ± 2.72	 ± 3.30	 ± 2.64	 ± 4.96	 ± 3.01	 0.62	 ± 3.10
Cross pollinated	 40.72	 36.00	 42.07	 10.00	 10.70	 1.09 ±	 14.00
	 ± 3.65	 ± 4.24	 ± 5.13	 ± 3.87	 ± 2.69	 0.39	 ± 2.45
Geitonogamous	 51.61	 39.09	 47.99	 10.00	 10.80	 1.00 ±	 31.00
self- pollinated	 ± 4.08	 ± 4.09	 ± 4.22	 ± 3.87	 ± 4.98	 0.71	 ± 6.48
Autogamy	 22.56	 31.25	 35.47	 5.00	 11.10	 1.19 ±	 4.00
	 ± 2.97	 ± 7.18	 ± 5.04	 ± 2.45	 ± 6.76	 0.92	 ± 2.29
Apomixis	 47.56	 38.17	 46.92	 7.00 ±	 11.20	 1.18 ±	 5.00
	 ± 10.96	 ± 6.48	 ± 9.10	 3.92	 ± 7.04	 0.89	 ± 2.45

Table 3: Results of ANOVA for fruit parameters resulting from different pollination treatments.

Fruit parameters	 Treatments	 Sum of Squares	 df	 Mean Square	 F	 Sig.

	 Between Treatments	 6538.832	 4	 1634.708		
Avg. Weight (g)	 Within Treatments	 1660.593	 45	 36.902	 44.299	 ***
	 Total	 8199.425	 49			 
	 Between Treatments	 573.387	 4	 143.347		
Avg. Height (mm)	 Within Treatments	 1393.755	 45	 30.972	 4.628	 **
	 Total	 1967.142	 49			 
	 Between Treatments	 1227.578	 4	 306.895		
Avg. Diameter (mm)	 Within Treatments	 1591.207	 45	 35.360	 8.679	 ***
	 Total	 2818.785	 49			 
	 Between Treatments	 308.000	 4	 77.000		
No. of seeds	 Within Treatments	 760.000	 45	 16.889	 4.559	 **
	 Total	 1068.000	 49			 
	 Between Treatments	 4.120	 4	 1.030		
TSS (°Brix)	 Within Treatments	 1362.600	 45	 30.280	 0.034	 ns
	 Total	 1366.720	 49			 
	 Between Treatments	 0.295	 4	 0.074		
Acidity	 Within Treatments	 26.487	 45	 0.589	 0.125	 ns
	 Total	 26.782	 49			 
	 Between Treatments	 13140.000	 4	 3285.000		
Fruit set (%)	 Within Treatments	 688.500	 45	 15.300	 214.706	 ***
	 Total	 13828.500	 49			 

* p < 0.05; ** p < 0.01; *** p < 0.001; ns = non-significant
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Effect of Pollination Treatments on Fruit 
Characteristics
Significant variations in fruit attributes across 
pollination treatments were found using the Post 
hoc Gabriel test (Table 4). When compared to 
autogamy, open pollination yielded the largest and 
heaviest fruits, with a considerably higher diameter 
(13.23 mm) and weight (32.14 g) (p < 0.05). 
Similarly, open pollination had the highest fruit set 
percentage, which was substantially higher than 
that of autogamy (42.00%), geitonogamous self-
pollination (15.00%), and cross-pollination (32.00%) 
(p < 0.05). The tiniest fruits and the lowest fruit set 
were produced by autogamy, indicating its poor fruit 
production efficacy. Compared to autogamy and 
apomixis, the quantity of seeds in open-pollinated 
fruits was significantly larger (p < 0.05), confirming 
the importance of cross-pollination in boosting 
reproductive success. However, TSS and acidity did 
not differ substantially between treatments (p > 0.05),  
indicating that pollination mode has no effect on fruit 
quality attributes. These findings highlight how self-
pollination, especially autogamy, results in less fruit 
development and reproductive output, whereas open 
pollination maximizes fruit yield and reproductive 
efficiency. 

Discussion
The current study's findings unequivocally show that  
the mandarin variety under investigation is dependent 
on pollinators for successful reproduction and is 
only partially self-compatible. The asynchronous 
flowering pattern that mandarins have adapted, 
which promotes genetic variety within the population 
and helps guarantee cross-pollination, is responsible 
for this reliance on pollinators. Flowering phenology 
is recognized as a crucial factor influencing 
pollination success,40 with asynchronous flowering 
being advantageous for rewardless flowers to 
achieve successful pollination through deceit.41 
Throughout the flowering season, a constant flow 
of pollinator visits is sustained due to asynchronous 
flowering. Asynchronous flowering has been 
shown to enhance cross-pollination,26 decrease 
intraspecific competition for pollinators, and reduce 
effective population density.42,43 The anthers dehisce 
asynchronously to compensate for the gradual 
decrease in pollen fertility. Throughout the flowering 
season, this method guarantees that there will be 
a enough quantity of viable pollen grains available 

for cross-pollination. Plants can sustain a consistent 
supply of viable pollen by releasing pollen at different 
times, which improves the likelihood of successful 
fertilization and reproduction.2 A comparable 
decrease in pollen fertility over time has been 
documented in Shogun (C. reticulata) in southern 
Thailand.44

In contrast to flowers that were bagged after anthesis 
and left untreated, as well as flowers that were 
emasculated and bagged, the study showed that 
open-pollinated, geitonogamous self-pollinated, 
and xenogamous pollinated flowers produced 
more fruits. These results underline the vital role of 
pollinators by strongly implying that the mandarin 
type under investigation depends on pollen from 
other blossoms. This supports finding that pollination 
is necessary for the reproduction of mandarins 
and their hybrids, as they are self-incompatible.45 
Additionally, the data showed that autogamous 
and open-pollinated fruits differed significantly 
in diameter and number of seeds, highlighting 
the significance of cross-pollination for the best 
possible fruit development. Our results align with the 
breeding system experiments conducted on Kinnow 
mandarin.46 Similarly, honeybee pollination has been 
shown to enhance both the quantity and quality  
of sweet orange (Citrus sinensis), resulting in heavier, 
less acidic fruits.47 Our findings demonstrated 
that social bees belonging to the Apidae family, 
specifically A. cerana, are the most prevalent and 
genuine pollinators of mandarin. A. cerana was 
reported to be the most common pollinator among 
the 24 insect species that were reported.15 The 
activity of A. cerana was higher on sunny days, and 
regression analysis indicated that temperature was 
a significant predictor of its abundance.48 Similar 
findings have been reported where the abundance 
of A. cerana rose during sunny days.15

A. cerana exhibited some pollination-helpful 
behaviours, like landing on flowers and moving in 
circles to make sure its abdomen made contact 
with the stigma. Similar behavioural observations 
have been made in mandarin orchards in Nepal 
and India, where A. cerana outperformed Apis 
mellifera in pollination efficiency.15,49 A. cerana 
also inserted its proboscis into the nectaries and 
rubbed its belly and thorax against the stigma. 
This conduct increases the likelihood of successful 
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fertilization by ensuring sufficient pollen deposition 
on the stigma when paired with frequent visits to 
the same flower. A. cerana, along with Apis dorsata,  
Apis florea, and A. mellifera, has been reported as a  
pollinator of mandarin oranges in Nepal.49 The 
pollination efficiency (PE = 0.52) and lack of pollen  
limitation (0.30) indicate that A. cerana is an  
important pollinator in a successful fruit set in  
mandarin oranges. Similar findings have been reported 
in sweet orange (Citrus sinensis) where A. cerana  
contributed to increased seed production and fruit 
weight.45,46

Ecological and Economic Implications
From an ecological perspective, maintaining 
pollinator diversity is crucial to reducing pollination 
deficits and increasing yield.50 Interestingly, while our 
study found that pollination treatments significantly 
influenced physical traits like fruit weight and 
diameter, intrinsic biochemical properties such as 
total soluble solids (TSS) and acidity remained 
unaffected. This suggests that effective pollination 
increases fruit quality yields such as size and 
weight51 without compromising fruit taste, which is 
consistent with findings that pollination improves 
quantitative traits without changing the chemical 
composition of the fruit.47

Effective pollination has significant economic 
benefits. Around the world, pollination by flies, 
honey bees, and native bees boosts agricultural 
productivity by $235 to $577 billion (USD) a year. 
A realistic estimate for pollination services in Nepal 
is $477 million (USD) per year, or 9% of overall 
agricultural income.52 These numbers highlight 
how economically necessary it is to incorporate 
pollination management into farming methods. Since 
mandarins are partially self-compatible targeted 
pollination techniques, like protecting natural 
habitats and encouraging the activity of pollinators 
like A. cerana, can result in notable increases in fruit 
yield for mandarin growers in the eastern Himalayas.
  
Conclusion
In conclusion mandarin (C. reticulata Blanco) is a 
partially self-compatible species based on our study 
of its pollination biology and breeding system in 
the eastern Himalaya, India. Asynchronous flower 

opening promotes open pollination, cross-pollination, 
and geitonogamous self-pollination by facilitating the 
transmission of geitonogamous and cross-pollen. 
Higher fruit set and better fruit quality are results  
of these processes. The absence of pollen constraint 
demonstrated the effectiveness of A. cerana,  
which emerged as the main pollinator. These results  
demonstrate that pollinators are essential to 
mandarins' higher yield and higher-quality fruit. 
However, mandarin is a highly heterogenous group 
and pollination in mandarin is observed to be highly 
dynamic. Therefore, similar kinds of study should 
be conducted in other parts of the Himalayas to get 
a comprehensive understanding of the pollination 
requirements of mandarin.
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