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Abstract
Jammu and Kashmir and Ladakh are two union territories (UTs) known for their natural beauty, and exemplary growing standards of horticulture crops on a national and international scale. Being a temperate state it has ample opportunity for the development of all sorts of all crops, including tropical, subtropical fruits and also temperate fruits such as apple, pear, peach, almonds, etc. Almond (Prunus amygdalus ) is one of the main cash crop in karewa landscapes of Kashmir, and is highy dependent on pollinators, due to its self incompatibility. Honey bees (Apis mellifera L) were key pollinators in almond, even in pollinator independent varieties (self-fertile) due to positive effect of bee disturbance on fruit setting. The study was conducted to assess the impact of Apis mellifera and other native insect pollinators on quantitative and qualitative parameters of almond viz., fruit set, nut length, nut width, nut thickness, nut weight, kernel length, nut width, nut thickness, nut weight, kernel length, kernel width, kernel thickness, kernel weight, nut yield and kernel recovery. Kernel recovery was maximum in natural pollination along with Apis mellifera than by natural pollination. Though there was no fruit set in (bagging) due to absence of insect pollinators and  self incompatibility.
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Introduction
Nature has bestowed Kashmir valley with a unique agro-climatic conditions, conducive for the growth and production of high grade fruits like apple, almond, pear, plum, walnut etc. Almond (Prunus amygdalus, Bastch) is one of the primary stone fruit crop of the Kashmir valley, which belongs to family Rosaceae and order Roseales. It is primarily grown in nations between latitudes 36o and 45o North under mild climatic conditions and is said to be one of the oldest domesticated tree nuts. Global almond output continues to rise, with total crop production exceeding 1.3 million metric tonnes (kernel basis) in 2019-2020, 26% more than the previous 10-year average (International Nut and Dried Fruit Council Foundation 2021) and in India almond is cultivated on an area of 12 thousand hectares in India, with an annual production of 8 thousand MT. This crop has primarily been grown in Jammu and Kashmir and Himachal Pradesh's karewa regions. Jammu and Kashmir leads the way with 10.3 thousand MT over an area of 5.58 thousand hectares, in which Pulwama and Budgam districts are the leading producers (Anonymous, 2021). Pollination is one of the most essential strategies for the conservation and enhancement of biodiversity. The primary causes of inadequate pollination include the planting of insufficient pollinizer trees, a significant drop in natural insect pollinator populations owing to indiscriminate pesticide usage, and habitat degradation (Connel, 2000). 
	Almond has a gametophytically self-incompatible system that prevents inbreeding and promotes outcrossing; thus, cross pollination is desired for fruit set, which is accomplished through the collaborative interaction of insect pollinators that visit flowers for nectar and/or pollen collection (Delaney and Tarpy, 2008). Park et al. (2010) state that pollination is a vital phase in the production of fruits and vegetables. Cross pollination is required not just for self sterile varieties, but also for self fertile varieties, which provide higher yields when cross pollinated. The majority of almond growers rely solely on rental honeybee (Apis mellifera L.) hives for pollination (Delaplane and Mayer, 2000). Pollinators, both wild and managed, have fallen in many agricultural areas, raising concerns about pollination deficits in the future. The extent of reliance on insect pollination varies per crop. The addition of managed honey bees (Apis mellifera L) to the pollination rate of insect-pollinated crops increases their yield globally. According to Richards (2001), controlled honeybees are the primary pollinator of crops worldwide. Wild pollinators are especially important for less intensively cultivated crops that provide abundant nutrients for pollinators (Gazhoul, 2005). Insufficient pollination results in poor fertilisation, uneven fruit/seed set, non-symmetrical fruits, and high rates of fruit drop, as well as crop maturation over a long period of time, as opposed to adequate and efficient pollination, which usually ensures uniform quality and even maturity (Fell, 2005). The studies revealed that physicochemical parameters of strawberry fruits, such as specific gravity, volume, acidity, and TSS, were better in open pollinated plots. Bees (Apis mellifera L.) and solitary wild bees (Osmia bicornis L.) have a positive impact on strawberry Fragaria x ananassa commercial value, commercial grade, fruit weight, shelf life, and post harvest quality. Strawberry shelf life is increased by firmness, which was higher in the bee pollinated condition than in the wind and self-pollinated treatments (Saez et al., (2020). After three days of storage, 40.4%, 29.4%, and none of the fruits in the bee-pollinated, wind-pollinated, and self-pollinated treatments were marketable. Similarly, bee pollination resulted in more fertilised achenes more harsh red coloured fruits (Klatt et al., 2013). . A wide range of insects visit the blooms, either accidentally or on purpose, in search of food, refuge, and oviposition locations. However, it should be noted that not all floral visitors deserve to be called pollinators because pollination requires cooperation between the bloom and the pollinators (Gupta, 2005). Even under the same environmental conditions, a number of insects have been observed visiting the flower of almond fruit, and many of them are efficient pollinators as individuals. Apis spp. have currently surpassed all other insect pollinators due to a number of desired qualities, increased productivity, and quality improvement, and there is no doubt that these are the only pollinators that can be relied on for effective pollination and its population can be easily managed as per the requirements of the fruit crops (Stern et al., 2001). The dimensions and technique to be used for regulating pollination in almond for improved size and form as well as increased output must be addressed. Pollinators are in short supply all across the world, and this is mirrored in the Kashmir valley. Growers and other stakeholders in Kashmir are less aware of the pollination process and its relevance in crop production. The purpose of this study was to determine the effect of Apis mellifera. L on quantitative and qualitative characteristics of different growth parameters of almond in Kashmir valley.
MATERIALS AND METHOD
	The research was conducted on almond plantations in the Kashmir Karewas districts of Budgam and Pulwama, India. This sort of terrain features cold, snowy winters and reasonably cool summers, and is located at a height of 1610 and 1630 metres above mean sea level, respectively. Almond plants were treated with pollination exclusion (T1), natural pollination (T2), and natural pollination with augmentation of honey bees (Apis, mellifera) (T3) to determine the suitability of honey bees for foraging activities. Three full grown almond plants with similar canopy were chosen at random for each treatment. The plants where pollination is excluded (T1) were restricted with 2mm nylon 2 mesh of size 4mx4mx4m (due to this size of mesh no pollinator enter). It was assured that no insect pollinator could enter these cages as per (Cayuela et al. 2011). In the second treatment (T2), all natural pollinators are free to visit the randomly selected plants. All other pollinators were permitted free access to the randomly selected plants in the treatment 'natural pollination with augmentation of A. mellifera (T3). For augmentation, a six-framed A. mellifera colony was employed. Following the general pollination advice (Abrol, 2009), one bee colony was deployed in one acre. To avoid the arrival of A. mellifera bees on almond plants, 10 km were marked for natural pollination treatment. In each treatment, ten fruits were randomly tagged. Fruit set (%), Nut length (mm), Nut width (mm), Nut thickness (mm), Nut weight (g), Kernel width (mm), Kernel thickness (mm), Kernel weight (g), Nut yield (Kg), Kernel recovery (%) are among the metrics observed. The mean percent fruit set was calculated by counting the number of fruits set out of sampled flowers for each treatment and dividing the number of fruits by the total number of sampled flowers. The length, width, and thickness of the almond were measured, and all measurements were taken with a digital calliper with an accuracy of 0.01 mm. To determine the mass of a single kernel (nut), a hundred kernels were chosen at random from the bulk sample. A digitised balance with an accuracy of 0.01g was used to weigh the kernels/nuts. To estimate the fruit production, seven plants were chosen from each treatment for yield estimates (Kg/seven plants), and lastly kernel recovery was calculated by dividing the weight of total kernels by the weight of dried nuts and represented as a percentage. The data was statistically analysed using SPSS 21.0 for Windows. The mean results were also subjected to ANOVA and the Duncan test. 

Result and Discussion
	The research was carried out at four different locations viz., CITH (Budgam), Chadoora (Budgam), Malangpora (Pulwama) and Newa (Pulwama), in Kashmir valley to evaluate the effect of Apis mellifera on the various quantitative and qualitative parameters of almond viz., Percent fruit set, Nut length(mm), Nut width(mm), Nut thickness(mm), Nut weight(g), Kernel length(mm), Kernel width(mm), Kernel thickness(mm), Kernel weight(g), Nut yield(kg) and Kernel recovery(%). Three varieties of almond viz., Waris, Shalimar and Makhdoom were selected and applied with Bagging/pollination exclusion (T1), natural pollination (T2) and Natural pollination augmented with A.mellifera (T3).
Fruit set
	The data presented in (Table-1) reveals that highest fruit set of 32.20±1.05 was recorded in the treatment of natural pollination augmented with A.mellifera L. at CITH in variety Waris that was significantly found different from other treatment. The lowest fruit set of (9.97±0.22) was recorded in variety Shalimar in natural pollination at Chadoora location. Zero fruit set of (0.00±00) was observed in bagging treatment at both locations, because of failure of pollination due to self-incompatibility of almond varieties. Likewise in district Pulwama highest fruit set of (31.79±0.45) was recorded in natural pollination augmented with A.mellifera in Waris variety at Newa location that was found significantly different from other treatment. The lowest fruit set of (9.04±0.23) was recorded in Shalimar variety in natural pollination at Malangpora location. Zero fruit set of (0.00±00) was observed in bagging treatment at both the locations.
Nut length	
Results of the investigation illustrated in (table 2) revealed that maximum nut length of (45.30±1.84) was observed in Shalimar variety at CITH location of district Budgam in natural pollination augmented with A.mellifera that was found significantly different from other treatment. The minimum nut length of (26.61±0.1) was observed in Makhdoom variety in Natural pollination at Chadoora location. Likewise in district Pulwama maximum nut length of (49.81±0.06) was observed again in Shalimar variety at Newa location under natural pollination augmented with A.mellifera that was significantly different from other treatment. The minimum nut length of (36.89±0.36) was observed in variety Makhdoom in open pollination at Malangpora location. Overall among two districts the maximum nut length was recorded in district Pulwama (Newa) in natural pollination augmented with A.mellifera treatment and minimum nut length was observed in variety Makhdoom in open pollination at Chadoora location.
Nut width
	Perusal of data in (table-2) revealed that, the maximum nut width of (26.88±1.80) was observed in Waris variety at CITH location of district Budgam in natural pollination augmented with A.mellifera that was found significantly different from other treatment. The minimum nut width of (13.31±0.25) was observed in Shalimar variety in Natural pollination at Chadoora location. Likewise in district Pulwama maximum nut width of (29.10±0.10) was recorded again in Makdoom variety at Newa location under natural pollination augmented with A.mellifera that was significantly different from other treatment. The minimum nut width of (18.9±0.21) was observed in variety Shalimar in open pollination at Malangpora location. Overall among two districts the maximum nut width was observed in variety Makhdoom district Pulwama (Newa) in natural pollination augmented with A.mellifera and minimum nut width was observed in variety Shalimar in open pollination at Chadoora location.
Nut thickness
[bookmark: _Hlk135246554]	Analysis of data pertaining in (table 2) reflects that maximum nut thickness of (27.84±1.23) was recorded in Makhdoom variety at CITH location of district Budgam in natural pollination augmented with A.mellifera that was significantly different from other treatment. The nut thickness of varieties Shalimar and Makhdoom was at par at Chadoora location. Likewise in district Pulwama maximum nut thickness of (24.14±0.17) was observed again in Makhdoom variety at Newa location under natural pollination augmented with A.mellifera which was significantly different from other treatment. The minimum nut thickness of (14.78±0.25) was observed in variety Shalimar in open pollination at Malangpora location. Overall among two districts the maximum nut thickness was observed in variety Makhdoom district Budgam (CITH) in natural pollination augumented with A.mellifera treatment and minimum nut thickness was observed in variety Shalimar in open pollination at Chadoora location. 
Nut weight
As far as nut weight was concerned, the maximum nut weight of (3.96±0.08) was observed in Shalimar variety at CITH location of district Budgam in natural pollination augmented with A.mellifera that was significantly different from other treatment (Table-2). The minimum nut weight (1.54±0.10) was observed in Waris variety at Chadoora location. Likewise in district Pulwama maximum nut weight (4.70±0.94c) was observed again in Shalimar variety at Newa location under natural pollination augmented with A.mellifera that was found significantly different from other treatment. The minimum nut weight of (2.19±0.10) was observed in variety Shalimar in open pollination at Malangpora location. Overall among two districts the maximum nut weight was observed in variety Shalimar district Pulwama (CITH) in natural pollination augmented with A.mellifera treatment and minimum nut thickness was observed in variety Waris in open pollination at Chadoora location.
Kernel length
	Perusal of data in Table-3 indicates that the maximum Kernel length of (37.38±0.26) was observed in Shalimar variety at CITH location of district Budgam in natural pollination augmented with A.mellifera that was found significantly different from other treatment. The minimum Kernel length (19.77±0.13a) was observed in Waris variety at Chadoora location. Likewise in district Pulwama maximum Kernel length of (31.58±0.12) was observed again in Shalimar variety at Newa location under natural pollination augmented with A.mellifera that was found significantly different from other. The kernel length of varieties Waris and Makhdoom was at par at Malangpora location. Overall among two districts the maximum Kernel length was observed in variety Shalimar district Budgam (CITH) in natural pollination augmented with A.mellifera and minimum was observed in variety Shalimar in open pollination at Budgam (Chadoora) location.
Kernel width
	The data in Table-3 about the Kernel width indicates that the maximum Kernel width of (21.78±0.13) was recorded in Waris variety at CITH location of district Budgam in natural pollination augmented with A.mellifera that was found significantly different from other treatment. The minimum Kernel width of (8.00±0.15a) was observed in Makhdoom variety at Chadoora location. Likewise in district Pulwama maximum Kernel width of (23.42±0.16) was observed again in Shalimar variety at Newa location under natural pollination augmented with A.mellifera that was found significantly different from other treatment. The minimum kernel width of (11.18±0.23) was observed in variety Makhdoom at Malangpora location. Overall among two districts the maximum Kernel width was observed in variety Shalimar district Pulwama (Newa) in natural pollination augumented with A.mellifera and minimum was observed in variety Makhdoom in open pollination at Budgam (Chadoora) location.
Kernel thickness
	Data pertaining to kernel thickness in (Table-2) indicated that the maximum Kernel thickness (15.81±0.16) was observed in Makhdoom variety at Newa location of district Pulwama in natural pollination augmented with A.mellifera treatment which was significantly different from other treatment. The minimum Kernel thickness (5.70±0.12) was observed in Waris variety at Chadoora location. Likewise in district Pulwama maximum Kernel thickness (15.81±0.16) was observed again in Makhdoom variety at Newa location under natural pollination augmented with A.mellifera which was significantly different from other treatment. The minimum kernel thickness (6.73±0.13) was observed in variety Shalimar at Newa location. Overall among two districts the maximum Kernel thickness was observed in variety Makhdoom district Pulwama (Newa) in natural pollination augumented with A.mellifera treatment and minimum was observed in variety Waris in open pollination at Budgam (Chadoora) location.
Kernel weight
	The data presented in table 3 indicated that maximum Kernel weight (15.81±0.16) was observed in Makhdoom variety at Newa location of district Pulwama in natural pollination augmented with A.mellifera treatment which was significantly different from other treatment. The minimum Kernel weight (5.70±0.12) was observed in Waris variety at Chadoora location. Overall among two districts the maximum Kernel weight was observed in variety Makhdoom district Pulwama (Newa) in natural pollination augumented with A.mellifera treatment and minimum was observed in variety Waris in open pollination at Budgam (Chadoora) location.
Kernel recovery
	Analysis of data pertaining in table 4 indicated that the maximum Kernel recovery of (68.78±0.21) was observed in Makhdoom variety at Chadoora location of district Budgam in natural pollination augmented with A.mellifera that was significantly different from other treatment. The minimum Kernel recovery of (41.94±0.14) was observed in Waris variety at Chadoora location. Likewise in district Pulwama maximum Kernel recovery (75.28±0.55) was observed again in Makhdoom variety at Newa location under natural pollination along with with A.mellifera that was found significantly different from other treatment. The minimum Kernel recovery of (47.28±0.57) was observed in variety Shalimar in open pollination at Malangpora location.
Nut yield
	Perusal of data in table 4 indicated that the maximum nut yield (14.45±0.10) was observed in Waris variety at CITH location of district Budgam in natural pollination augmented with A.mellifera L. treatment which was significantly different from other treatment. The minimum nut yield (4.35±0.17) was observed in Makhdoom variety at Chadoora location. Likewise in district Pulwama maximum nut yield (13.69±0.20) was observed again in Waris variety at Newa location under natural pollination augmented with A.mellifera which was significantly different from other treatment. The minimum nut yield (5.13±0.16) was observed in variety Shalimar at Newa location. Overall among two districts the maximum nut yield was observed in variety Waris district CITH (Budgam) in natural pollination augumented with A.mellifera treatment and minimum was observed in variety Makhdoom in open pollination at Budgam (Chadoora) location.
Discussion 	
The present studies revealed that quantitative and qualitative parameters were found to be influenced significantly because of interaction between the pollinator population present and the pollinizer proportion in the orchard. The results are in conformity with the findings of (Connel, 2000) who reported that in almond (Prunus dulcis) pollinators are required since it is a cross pollinated crop due to self incompatibility. The highest fruit set (32.20±1.05) was recorded in the treatment of natural pollination augmented with A.mellifera L. at CITH in variety Waris. Honey bees (Apis mellifera) are the primary pollinator and because of the bee disturbance on fruit setting Saez et al. (2020) support the employment of bees for yield increase even in pollinator independent kinds (Self-fertile) of almond. They estimated that bee-pollinated trees had 60% and 20% greater fruit setting and kernel yield, respectively, than plants that did not get bees as pollinators. The maximum nut yield (14.45±0.10) observed in Waris variety at CITH of district Budgam in natural pollination augmented with A.mellifera L. significantly different from other treatment and was in conformity with Sharma et al. (2004), who reported that increase in fruit set (37.75%) and fruit yield (38.39 tonnes/ha) with placement of three colonies was significantly higher in the orchards with sufficient pollinizers (>10%) as compared to the pollinizer deficient orchards (<10%) having fruit-set and fruit yield of 21.75 per cent and 17.47 tonnes/ha, respectively. Similar findings were reported by Gautam et al. (2004), who recorded a fruit-set of 78.80 per cent, when three honeybee colonies were placed in the orchards with 10% pollinizer proportion. 
In district Pulwama highest fruit set (31.79±0.45) was recorded in natural pollination augmented with A.mellifera in Waris variety at Newa location that was found significantly different from other treatment which was in close proximity with Rana et al. (1998) who reported a significant increase in per cent fruit set from 32.48 to 53.55%, fruit retention (23.38-46.14) and reduction in fruit drop (29.23-12.13%) with increase in Apis mellifera colonies from no colonies to 4 colonies in apple orchards having adequate pollinizer proportion compared to orchards with low pollinizer proportion. The present findings also draw their support from the findings of Mattu and Raj (2013), who reported maximum fruit set (76.91%) with reduced drop (26.40%) in honey bee pollinated orchards than in natural pollinated orchards in which the fruit-set of 8.86% and fruit drop of 29.10% was observed. Experiments were carried out on three pollination modes: bee pollination, open pollination, and pollinator exclusion (no pollinators). Bee pollination increases yield in both seasons as compared to pollinator exclusion. During 2013-14, mustard yield was 1785 kg/ha, 2040 kg/ha, and 1509.38kg/ha in bee pollinated, open pollinated, and pollinator exclusion treatments respectively, and in the year 2015 it was estimated to 1875 kg/ha, 2068.75 kg/ha, and 1577kg/ha. The mean number of siliqua per plant and the number of seeds per siliqua were likewise greater in open pollination, followed by bee pollination, and lower in pollinator exclusion researched by Patidar et al 2017.
	It was also seen that pollinators can influence fruit quality by increasing the seed number which affect the sink strength of individual fruits, probably through hormones. The results are in agreement with the findings of Khan and Khan (2004) and Anand (2003) who observed that the fruit quality (fruit size-10.5-13 cm and seed number 10-15) were higher when the main commercial cultivars were benefited with pollinators (2-3colonies/ha) and pollinizers (10%). In district Pulwama maximum Kernel recovery (75.28±0.55) was observed again in Makhdoom variety at Newa location under natural pollination conditions which were found in accordance with Gautam et al. (2004) who reported that sufficient pollinators (4-5colonies/ha) together with suitable pollinizer proportion (10%) enhances the cross pollination resulting in consistent quality fruit with sufficient number of seeds (9-10/fruit). The efficiency of honey bees help in fertilizing the maximum number of ovules which increases the number of seeds and there by enhance the qualitative characters of fruit.
	The lowest fruit set (9.04±0.23) was recorded in Shalimar variety in natural pollination at Malangpora location and zero fruit set of (0.00±00) was observed in bagging treatment at both the locations. The similar results were also elucidated by (Cayuela et al. 2011) who reported that plants without pollination by honey bees (control) showed significantly less number of fruits per panicle in different plant species contrary to those which were pollinated by honey bees. According to Volz et al. (1996), the maximum apple weight of variety 'Braeburn' was 170g and those trees had treatment of pollination. It has been estimated that insects pollinate 84% of the 300 commercial crops. Similar results were also seen by Bareke and Addi, 2019 in which honey bees have increased productivity of apple, niger, onion, and faba bean by 33-84% reported. Cross-pollination conducted by insects was explained as a benefit of insects in self-incompatible cruciferous crops conformed by (Sihag, 1985). 
	In other crops such as cotton and sesame, the pollination by bees had increased the quality and quantity according to Stein et al., 2017. As per the reports of Silva et al., 2017 increase in the weight and quantity of seeds in tomato Solanum lycopersicum owing to the activity of Exomalopsis analis, Trigona Spinipes, and Apis mellifera as pollinators in tomato Solanum lycopersicum, as opposed to crop pollinated without insects (self pollination). 
The maximum nut yield (14.45±0.10) was observed in Waris variety at CITH location of district Budgam in natural pollination (table 4) which were in close proximity with the result of Garratt et al. (2018) who discovered a 40% increase in yield from insect pollination in Brassicae napus owing to an increase in seeds per plant when compared to non-insect pollination at higher fertiliser concentrations. In another study done by Shakeel and Inayatullah (2013) identified 9 species of bees and flies foraging/visiting in the canola (B. napus) ecosystem that were shown to be beneficial in enhancing canola crop output. The number of seeds per siliqua, siliquae per plant, and seed weight (per 100 seeds) were 15, 189.3, and 0.55g in the open pollinated plot, and 11, 142.2 and 0.35g in the covered plot (without insect pollinators). 
A research done in Hisar (India) by Sihag RC (1986) revealed that bees were the primary pollinators for increasing seed production in cruciferous and umbelliferous crops. Insects help to boost seed production by roughly 1.8 times in terms of pod length, seed weight, number of seeds per pod, pods per plant, and seed yield of cruciferous crops (i.e. Brassica campestris var. toria, Brassica carinata, B. napus, B. juncea, Brassica oleracea L. var. botrytis, Eruca sativa, Raphanus sativus, and B. rapa) and umbelliferous crops ( i.e, Feniculum vulgare, Coriander sativum, Daucus carota L. var. sativa, and Cuminum cyminum) which were greater in crops exposed to insect pollinators than in caged crops. The results of a study on honey bee attractants and pollination in sweet orange, Citrus sinensis, revealed that the frequency of honey bee visits on crop was positively connected with fructification. It was demonstrated that when honey bee visits were 9 and 10-15, respectively, the average fructification was 56.5% and 83.7% also bee pollinated crops produced less acidic fruits with greater fruit weight and 35.30% higher fruit output as per (Malerbo-Souza et al., 2004).



CONCLUSION:
	Without a doubt, insect pollination is a critical function for agricultural systems. Without insect pollinators, nearly one-third of the world's crops would blossom, wilt, and die. Pollinators maintain a plentiful supply of fruits and vegetables. The variety of native insect pollinators stabilises pollination services throughout time. As honey bee numbers decline, it is critical that we discover viable native insect pollinators to satisfy this critical requirement for insect pollination. There was a significant increase in mean number of nuts, nut length, nut breadth, nut thickness, nut weight, and kernal weight on trees provided with natural pollination augmented with A.mellifera followed by natural pollination, and there was zero fruit set in almond trees where pollination was excluded by bagging. It has been recommended that honey bee colonies shall be established in an almond orchards during the flowering time for increased quantity and quality.
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Table 1: Per cent increase in fruit set of almonds using different treatments of pollination by Apis mellifera
	Treatment
	Variety
	Budgam
	Pulwama

	
	
	CITH
	Chadoora
	Malangpora
	Newa

	Bagging
	Waris
	0±0.00 a
	0±0.00 a
	0±0.00 a
	0±0.00 a

	Natural pollination
	
	25.24±1.11b
	21.59±0.50b
	23.36±0.81b
	26.84±0.68b

	Natural pollination augmented with A.mellifera
	
	32.20±1.05c
	28.95±0.70C
	30.15±0.29c
	31.79±0.45c

	CD(P≤0.05)
	
	2.11
	1.65
	1.53
	1.09

	Bagging
	Shalimar
	0±0.00a
	0 ±0.00a
	0±0.00a
	0±0.00a

	Natural pollination
	
	10.5±0.49b
	9.97±0.22b
	9.04±0.23b
	10.24±0.31b

	Natural pollination augmented with A.mellifera
	
	17.42±1.25c
	18.08±2.43c
	14.68±0.51c
	18.66±0.28c

	CD(P≤0.05)
	
	2.00
	4.56
	0.89
	0.76

	Bagging
	Makhdoom
	0±0.00a
	0±0.00a
	0±0.00a
	0±0.00 a

	Natural pollination
	
	18.32±0.50b
	14.50±0.22b
	15.31±0.40b
	15.28±0.42b

	Natural pollination augmented with A.mellifera
	
	29.94±3.53c
	24.80±0.84C
	26.96±0.56C
	26.83±0.82c

	CD(P≤0.05)
	
	6.32
	1.47
	1.13
	1.40


For each Column, values followed by different letters are significantly different (p≤0.05; ANOVA and Duncan Test)





Table 2: Per cent increase in qualitative parameters of almond nut using different treatments of pollination by Apis mellifera
	[bookmark: _Hlk135239182]Treatment
	Variety
	Budgam

	
	
	CITH
	Chadoora

	
	
	Nut width (mm)
	Nut length (mm)
	Nut Weight
(mm)
	Nut thickness (mm)
	Nut width (mm)
	Nut length (mm)
	Nut Weight
(mm)

	NP
	Waris
	14.90±0.82a
	20.94±0.11a,b
	33.08±08a
	2.07±0.1a
	12.60±0.20b
	16.99±0.47a
	29.50±0.21b

	NPA with A.mellifera
	
	27.52±0.17d
	26.88±1.80a,b
	37.83±0.24b
	3.24±0.13c
	23.41±0.18b
	25.69±0.17c
	38.82±0.26d

	NP
	Shalimar
	13.20±0.25b
	17.90±00.21b
	38.25±0.40b
	2.28±0.11a,b
	10.35±0.19a
	13.31±0.25a
	31.32±0.35c

	NPA with A.mellifera
	
	19.28±0.9e
	19.28±0.93c
	45.30±1.84c
	3.96±0.08d
	18.16±0.26b
	20.99±0.11b
	39.46±0.13d

	NP
	Makh-doom
	13.94±0.29c
	19.64±0.28a,b
	33.31±0.23a
	2.49±0.14b
	12.29±0.22b
	15.84±0.20a
	26.61±0.16a

	NPA with A.mellifera
	
	27.84±1.23b
	21.84±1.23b
	38.51±0.29b
	3.03±0.17e
	20.83±0.13d
	25.79±0.11c
	30.87±0.24c

	CD(P≤0.05)
	
	0.50
	2.30
	2.22
	0.35
	0.61
	3.77
	0.72

	Treatment
	Variety
	Pulwama

	
	
	Malangpora
	Newa

	
	
	Nut width (mm)
	Nut length (mm)
	Nut Weight
(mm)
	Nut thickness (mm)
	Nut width (mm)
	Nut length (mm)
	Nut Weight
(mm)

	NP
	Waris
	21.09±0.15a
	37.94±0.51b
	2.19±0.10a
	14.99±0.10a
	21.99±0.04a
	38.95±0.20a
	2.54±0.13a

	NPA with A.mellifera
	
	27.26±0.11c
	40.37±0.11c
	3.05±0.2c
	20.33±0.12d
	28.86±0.16e
	45.54±0.11d
	3.48±0.11c

	NP
	Shalimar
	18.9±0.21b
	38.83±0.44b
	2.49±0.15a,b
	15.46±0.13b
	19.66±0.13b
	39.87±0.13b
	3.06±0.09a

	NPA with A.mellifera
	
	22.71±0.13e
	41.79±0.12d
	3.85±0.05c
	22.44±0.14e
	27.07±0.06d
	49.81±0.06e
	4.70±0.94c

	NP
	Makh-doom
	19.93±0.38c
	36.89±0.36a
	2.64±0.17b
	15.80±0.25c
	20.24±0.10c
	37.11±0.03c
	2.46±0.01b

	NPA with A.mellifera
	
	25.80±0.31f
	39.78±0.10c
	3.83±0.17d
	24.14±0.17f
	29.10±0.10e
	43.86±0.10f
	3.06±0.12d

	CD(P≤0.05)
	
	0.56
	0.91
	0.29
	0.48
	0.31
	0.38
	0.35


For each row, values followed by different letters are significantly different (p≤0.05; ANOVA and Duncan Test)


	Treatment
	Variety
	Budgam
	Pulwama

	
	
	CITH
	Chadoora
	Malangpora
	Newa

	Natural polllination
	Waris
	Kernel length (mm)
	
Kernel width (mm)
	
Kernel thickness (mm)
	
Kernel weight (mm)
	Kernel length (mm)
	
Kernel width (mm)
	
Kernel thickness (mm)
	
Kernel weight (mm)
	Kernel length (mm)
	
Kernel width (mm)
	Kernel thickness (mm)
	Kernel weight (mm)
	Kernel length (mm)
	Kernel width (mm)
	Kernel thickness (mm)
	Kernel weight (mm)

	
	
	23.65±0.17a
	12.78±0.12a
	6.94±0.55a
	1.06±0.17a
	19.77±0.13a
	9.60±0.16a
	5.70±0.12a
	1.04±0.02a
	24.59±0.59a
	12.92±0.19a
	7.01±0.09a
	1.13±0.7a
	26.42±0.22a
	12.66±0.17c
	7.66±0.14a
	1.99±0.02a

	Natural Pollination augmented with A.mellifera
	
	30.18±0.10c
	21.78±0.13c
	10.00±0.9b
	4.87±0.11b
	28.11±0.11d
	16.50±0.14c
	9.31±0.15d
	2.58±0.09b
	27.56±0.09b,c
	13.66±0.08c
	9.31±0.03c
	2.14±0.02b
	29.83±0.13b
	23.42±0.16f
	13.05±0.11d
	5.31±0.14b

	Natural pollination
	Shalimar
	27.05±0.49
	10.67±0.26a
	7.10±0.22a
	1.09±0.07a
	21.26±0.23b
	8.76±0.25a
	6.41±0.14b
	0.91±0.63a
	26.62±0.66b
	11.48±0.46b
	7.16±0.16a
	1.14±0.08a
	26.06±0.27a
	11.75±0.13b
	6.73±0.13b
	1.84±0.03a

	Natural pollination augmented with A.mellifera
	
	37.38±0.26d
	15.86±22.3b
	12.51±0.3b
	4.84±0.10b
	36.02±0.15f
	14.69±0.13b
	11.98±0.07e
	2.85±0.08b
	30.81±0.11d
	12.25±0.19d
	9.72±0.05c
	2.10±0.02b
	31.58±0.12c
	20.69±0.10e
	9.03±0.17e
	4.90±0.08b

	Natural pollination
	Makhdoom
	23.73±0.27a
	11.68±0.06a
	7.41±0.32a
	1.16±0.06a
	22.17±0.15c
	8.00±0.15a
	7.30±0.12c
	1.08±0.06a
	24.80±0.50a
	11.18±0.23b
	7.06±0.31b
	1.31±0.10a
	25.57±0.15b
	13.54±0.21a
	9.30±0.12c
	1.67±0.12a

	Natural pollination augmented with A.mellifera
	
	27.10±0.21b
	20.00±0.15c
	13.90±0.16c
	5.32±0.14c
	28.12±0.12e
	8.96±0.21d
	13.24±0.10f
	4.98±0.21c
	28.78±0.19c
	12.18±0.23e
	11.05±0.2d
	3.16±0.11c
	30.78±0.33d
	22.24±0.13d
	15.81±0.16f
	4.87±0.07c

	CD(P≤0.05)
	0.82
	2.83
	0.65
	0.26
	0.44
	0.48
	0.38
	0.32
	1.30
	0.65
	0.44
	0.02
	0.64
	0.48
	0.36
	0.27


Table 3: Per cent increase in qualitative parameters of almond Kernal using different treatments of pollination by Apis mellifera  
For each row, values followed by different letters are significantly different (p≤0.05; ANOVA and Duncan Test)



Table: 4 Percent increase in quantitative  parameters of almond using different treatments of pollination by Apis mellifera  
	Treatment
	Variety
	Budgam
	Pulwama

	
	
	CITH
	Chadoora
	Malangpora
	Newa

	
	
	
Kernal recovery (%)

	Nut yield (Kg)
	
Kernal recovery (%)

	Nut yield (Kg)
	  
Kernal recovery (%)

	Nut yield (Kg)
	
Kernal recovery (%)

	Nut yield (Kg)

	Natural pollination
	Waris
	48.19±0.50b
	8.74±0.25c
	41.94±0.14a
	8.29±0.22a
	49.62±0.36a
	8.74±0.25a
	50.27±0.07a
	9.81±0.04c

	Natural pollination augmented with A.mellifera
	
	64.73±0.27d
	14.45±0.10c
	50.91±0.12c
	12.09±0.04d
	51.39±0.08c
	13.69±0.20e
	76.95±0.63d
	12.51±0.15f

	Natural pollination
	Shalimar
	48.87±0.47b
	5.30±0.25a
	44.78±0.27b
	4.85±0.09b
	49.45±0.51b
	5.56±0.14b
	50.96±0.12b
	5.95±0.23b

	Natural pollination augmented with A.mellifera
	
	53.54±0.11d
	7.07±0.03b
	67.97±0.22e
	7.32±0.11d
	53.46±0.6d
	7.12±0.01d
	78.20±0.14e
	12.12±0.25a

	Natural pollination
	Makhdoom
	46.41±0.33a
	4.98±0.12a
	48.76±0.23c
	4.35±0.17b
	47.28±0.57c
	5.13±0.16a
	48.08±0.07c
	8.78±0.20a

	Natural pollination  augmented with A.mellifera
	
	51.58±.22c
	7.08±0.02b
	68.78±0.21f
	9.48±0.25e
	50.20±0.02e
	6.78±0.05e
	75.28±0.55f
	11.95±0.18d

	CD(P≤0.05)
	
	0.98
	0.45
	0.68
	0.44
	0.99
	0.38
	0.99
	0.54


For each row, values followed by different letters are significantly different (p≤0.05; ANOVA and Duncan Test)




