Table 1. Different nutrient media compositions used for in vitro pollen germination of A. violaceum
	Nutrients
	Concentrations
	Medium compositions

	
	 
	M1
	M2
	M3
	M4
	M5
	M6
	M7
	M8
	M9
	M 10
	M 11
	M 12
	M 13
	M 14
	M
15

	Sucrose
	10 %
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	Sucrose
	20%
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	Boric acid
	100 ppm
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	Boric acid
	200 ppm
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	Boric acid
	500 ppm
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Calcium nitrate
	100 ppm
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0

	Calcium nitrate
	200 ppm
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1

	Calcium nitrate
	500 ppm
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	Magnesium sulphate
	200 ppm
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	Magnesium sulphate
	500 ppm
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	Potassium nitrate
	200 ppm
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	Potassium nitrate
	500 ppm
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0











Table 2. Self-incompatibility index (ISI) value indication for A. violaceum 
	Index of self-incompatibility (ISI) value
	Indication

	≥ 1
	Self-compatibility

	0.2 –1
	Partial self-compatibility

	< 0.2
	Mostly self-incompatible

	0
	Total self-incompatibility






















Table 3. Floral traits of A. violaceum examined in Ladakh Himalaya
	Floral attributes
	Observations (mean ± SE)

	Inflorescence length (cm)
	*24.8±4.27 (6–50)**

	Flower numbers
	18.8±3.24 (5– 34)

	Pedicel length (cm)
	4.21±0.91 (1.2–10.2)

	Sepal number
	5.0±0

	Posterior sepal length (cm)
	1.32±0.12 (0.9–2.0)

	Posterior sepal width (cm)
	1.1±0.10 (0.7–1.6)

	Lateral sepal length (cm)
	1.22±0.10 (1.0–1.8)

	Lateral sepal width (cm)
	1.09±0.11 (0.6–1.5)

	Inner sepal length (cm)
	1.02±009 (0.7–1.3)

	Inner sepal width (cm)
	0.42±0.04 (0.3–0.5)

	Petal number
	2.0±0

	Petal length (cm)
	1.54±0.09 (1.3–1.9)

	Stamen number
	35.4±1.36 (30–42)

	Stamen length (cm)
	0.65±0.04 (0.5–1.2)

	Carpel number
	5.0±0

	Carpel length (cm)
	0.63±0.04 (0.3-0.6)

	Pollen number
	9163.31 ± 133.70 (6943–14590)

	Ovule number
	67 ± 2.73 (54–86)

	Pollen-ovule ratio
	3729.72b ± 48.92:1

	Follicle length (cm)
	1.4±0.05 (1.2–1.7)

	Seed number
	55.2±3.37 (34-75)

	Seed length (mm)
	1.41±0.05 (1.2–1.8)


 Data are represented as mean ± SE of 15 replication per trait. * Mean ± SE; ** Range







Table 4. Pattern of anthesis and anther dehiscence in A. violaceum 
	Study sites

	Attributes
	Khawous 
(3220m asl)
	Numsuru
 (3340m asl)
	Maan-man 
(4010m asl)

	 
 


Anthesis
	Initiation 
	10th July
	20th July
	2nd August

	
	Time 
	8:00 a.m. ± 22 min
	8:30 a.m. ± 25 min
	8:40 a.m. ± 30 min

	
	Duration
	2.35 h ± 25 min
	2.34 h ± 22 23 min
	2.40 h ± 28 min

	
	Maximum
	75.37% ± 8.94 at 
11:10 a.m. ± 21 min
	70.75% ± 6.29 at 
11:40 a.m. ± 24 min
	65.55% ± 5.40 at 
12:10 a.m. ± 30 min

	
	Completion
	4:30 p.m ± 23 min
	4:40 p.m. ± 20 min
	2:20 p.m. ± 30 min

	

Anther
dehiscence
 
	Timing
	After anthesis
	After anthesis
	After anthesis

	
	Initiation
	43.37 h ± 4.20 h
	40.28 h ± 4.40 h
	35.28 h ± 4.50 h

	
	Maximum 
	120 h ± 36 h
	120 h ± 30 h
	120 h ± 24 h


Data are represented as mean ± SE for n =15. masl, meter above sea level; h, hour











Table. 5 Pollen ovule (P/O) ratio of A. violaceum across different study sites.
	Attributes
	Population site
 

	
	Khawous
	Numsuru
	Maan-man

	Number of flowers 
per plant (mean ± SE)
	18.8b ± 1.59
 
	12.6a ± 1.63
 
	9.20a ± 1.28
 

	No. of Anther per flower
(mean ± SE)
	37.6a ± 1.36
 
	35.0a ± 1.09 
 
	36.2a ± 1.85 
 

	No. of ovary per flower
(mean ± SE)
	5a ± 0
 
	5a ± 0
 
	5a ± 0
 

	 
 
Number of pollens per
(mean ± SE)
	Anther
	9225.13a,b ± 133.11
	8831.00a,b ± 113.23
 
	9313.66b ± 145.23
 

	
	Flower
	3,46,864.8c ± 1331.1 
 
	3,09,085a ± 1132.3
	3,37,154b ± 1452.3 
 

	
	Plant
	65,21,058.24b ± 13,311
	38,94,471a,b ± 11,323
	31,01,816.8a,b ± 14,520

	Number of ovules per
(mean ± SE)
	Ovary
	18.6±0.74b,c
	16.8 ± 0.66b
	13.4 ± 0.81a

	
	Flower
	93.0 ± 3.7c
	84 ± 3.3b
	67 ± 2.73a

	
	Plant
	1748c ± 18.5
	1058b ± 16.0
	616a ± 13.65

	Pollen/ ovule Ratio
(mean ± SE)
	3729.72b ± 48.92:1
	1324.65a ± 55.92:1
 
	1278.89a ± 68.09:1
 


The data are represented as mean ± SE (n = 15). Same superscripted letters in each column represents that the data are not substantially different according to DMRT (one‐way ANOVA) at p ≤ 0.05.












Table 6. Pollination indices of diverse insect visitors of A. violaceum 
	Pollinator 
	Foraging 
Behavior (FB)
	Insect visiting efficiency (IVE)
 
	Foraging speed (FS)
	Visitor visitation frequency (VVF)
 
	Pollen load

	Bombus trifasciatus
	31.52a±2.91
	0.53b±0.09
	8.6c,d±0.88
	0.08a ± 0.02
	2533.4b,c±258.74

	Bombus ladakhensis
	22.85a±3.69 
	0.74b±0.08
	6.5b,c ±0.60
	0.12a,b ± 0.02
	2390b,c ±257.53

	Bombus asiaticus
	37.57a±3.43
	0.78b±005
	10.2b±0.90
	0.14a,b ± 0.05
	3176.3c±208.56 

	Bombus spp
	29.57a±3.42
	0.50b±0.07
	5.6a±0.76
	0.08a ± 0.03
	2358.4b±277.79

	Apis spp
	27.00a±3.60
	0.18a±0.03
	3.0a±0.44
	0.06a ± 0.02
	749.2a±103.96 

	Hycleus spp
	91.45b±7.41
	0.13a±0.03
	2.7a±0.38
	0.02a ± 0.01
	582.3a±101.0

	Palomena prasina
	140.55c±11.65
	0.10a±0.02
	1.5a±0.16
	0.01a ± 0.0 
	351.0a±110.0

	Papuaepilachna spp
	362.45d±51.23 
	0.07a±0.01
	1.33a±0.16
	0.01a ± 0.0
	288.6a±87.47


Data are represented as mean ± SE. Same superscripted letter in each column of the parameters indicates that data are not significantly different according to Tukey’s test of one-way ANOVA at p ≤ 0.05












Table 7. Seed set in A. violaceum following different breeding treatments
	Breeding treatments
	Plants
	Flowers
	Fruit formation
	% Fruit set
	Seed formation
	Average seeds per flower
	% seed set
	Seed weight
of 100
seeds (g)

	Open pollination
	10
	90±1.04
	78
	86.66%
	74
	64.8±3.67
	94.87
	 56.30±1.36

	Induced Xenogamy
	10
	90±1.15
	62
	68.88%
	51
	52.1±3.61
	82.25
	 51.2±1.85

	Geitonogamy
	10
	90±1.52
	38
	48.88%
	23
	36.33±4.53
	55.26%
	 40.0±1.2

	Apomixis
	10
	90±1.06
	0
	0.0%
	0
	0
	0
	 -

	Autogamy
	10
	90±1.01
	11
	12.22%
	3
	32.8±3.45
	27.27
	 36.0±1.64

	Forced autogamy
	10
	90±0.98
	16
	18.88%
	4
	28.5±1.72
	17.11%
	 32.0±1.04

	Anemophily
	10
	90±0.23
	0
	0.0%
	0
	0
	0
	-


Data are represented as mean ± SE of 10 individual plants for each treatment



