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Influence of bacterial mulberry endophytes on the growth parameters of mulberry (Morus indica L.) under nursery conditions


ABSTRACT
	Mulberry (Morus indica) is the sole food crop to silkworm (Bombyx mori). The growth and development of mulberry indirectly influences the growth and development of silkworms. Considering this factor, the research study is carried out to recognize the effect of growth promoting bacterial endophytes on the growth parameters of mulberry. The isolated and identified promising isolates were applied to mulberry under nursery, to evaluate their impact in plants under in-vivo conditions. Out of isolated 30 isolates, 4 isolates attained as promising isolates through growth promotion tests and they were applied to mulberry cuttings in 15 different combinations. Through nursery studies, two isolates showed sound effect by promoting the growth of plants. These two isolates obtained from V1 and G4 varieties of mulberry and identified as Enterobacter cloacae using 16srRNA sequencing method. 
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1. INTRODUCTION:
Endophytes are microbial symbionts residing within the plant for the majority of their life cycle without any detrimental impact to the host plant (Kandel et al., 2017). Endophytic bacteria have several effects on their host plant, including growth promoting activity, modulation of plant metabolism and phyto-hormone signaling that leads to adaptation to environmental abiotic and biotic stress (Miliute et al., 2015). Since mulberry foliage is mainly used to feed silkworms, the growth of silkworms mainly depend on the nutritional quality and moisture content of the leaves. The growth promotion capacity of endophytes can be examined by the activities like Indole Acetic Acid production, ammonia production, Hydrogen Cyanide production,  ACC deaminase (1-aminocyclopropane 1- carboxylate) production, phosphate solubilization and siderophore production (Etesami et al., 2014).This study aimed to identify the growth influencing capability of bacterial endophytes present in the mulberry under nursery conditions.
2.MATERIALS AND METHODS:
2.1.Isolation and Characterization	
Bacterial endophytes present in the mulberry plant parts were isolated using standard procedure. The isolates were subjected to characterizations i.e. morphological, biochemical and growth promoting tests.((Bacon and White, 2000), (Ji et al., 2008), (Cappuccino and Sherman, 1992), (Lorck, 1948), (Bric et al., 1991) and (Schwyn and Neilands, 1987)). Through this characterization, preliminary screening is done and 4 isolates filtered as promising to next level of study.

2.2.Testing the capability of growth promotion under nursery conditions:	
	The screened promising isolates (4 nos; A- LB3G4, B- SB6 G4, C- LB7V1, D- SB4 G4 ) were applied in the mulberry cuttings (V1 and G4).The prepared organic formulation from endophytic cultures were applied as a liquid application and the parameters were observed on the 30, 60 and 90th days. The formulation was applied at 15 different treatments and for each treatment three replications were maintained.
Bacterial formulations mixed with water and applied 50 ml for each cutting in pot at 3:2 ratios (Liquid formulation: Water) (Plate 1). The parameters observed were listed.
List 1: Quantities of different Treatment combinations
	S.No
	Treatment combinations
	Quantity taken (50 ml)

	1.
	A alone
	A (30 ml) + W (20 ml)

	2.
	B alone
	B (30 ml) + W (20 ml)

	3.
	C alone
	C (30 ml) + W (20 ml)

	4.
	D alone
	B (30 ml) + W (20 ml)

	5.
	A and B
	A (15 ml) + B (15 ml) + W (20 ml)

	6.
	A and C
	A (15 ml) + C (15 ml) + W (20 ml)

	7.
	A and D
	A (15 ml) + D (15 ml) + W (20 ml)

	8.
	B and C
	B (15 ml) + C (15 ml) + W (20 ml)

	9.
	B and D
	B (15 ml) + D (15 ml) + W (20 ml)

	10.
	C and D
	C (15 ml) + D (15 ml) + W (20 ml)

	11.
	A,B and C
	A (10 ml) + B (10 ml) + C (10 ml) + W (20 ml)

	12.
	A,B and D
	A (10 ml) + B (10 ml) + D (10 ml) + W (20 ml)

	13.
	B,C and D
	B (10 ml) + C (10 ml) + D (10 ml) + W (20 ml)

	14.
	A,C and D
	A (10 ml) + C (10 ml) + D (10 ml) + W (20 ml)

	15.
	A,B,C and D
	A (7.5 ml) + B (7.5 ml) + C (7.5 ml) + D(7.5 ml) + W (20 ml)


(*A- LB3G4, B- SB6 G4, C- LB7V1, D- SB4 G4 and W- water)
Plate 1. Mass multiplication of promising isolates
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(i)    Organic formulation                       (ii) Different treatmental formulation

2.2.1. Sprouting percentage:
Sprouting percentage in cuttings were measured 5-7 days after application.
2.2.2. Survival percentage:
	The survival rate counted at the end of observations (by number of plants survived till end from the sprouted cuttings).
2.2.3. Number of roots and Root length (cm):
	After 90 days, the plants were carefully uprooted without damaging the plant parts and the numbers of roots were counted and the root length was measured.
2.2.4. Root fresh weight and dry weight (g):
	Root fresh weight was measured immediately, after the plants uprooted. Dry weight of roots were measured after drying roots in an oven at 90ºC (Paul and Quaiyyum, 2012).
2.2.5. Shoot length (cm):
	Shoot length was measured after 90 days of application.
2.2.6. Shoot fresh weight and dry weight (g):
	Shoot fresh weight was measured immediately, when the plants uprooted. Dry weight of shoots were measured after drying roots in an oven at 90ºC (Paul and Quaiyyum, 2012).
2.2.7. Number of leaves:
	Total numbers of leaves were counted at 30, 60 and 90 days afterinoculation of liquid formulation.
3.RESULTS:
3.1. Sprouting percentage:
The sprouting percentage of cuttings was counted at one week after inoculation of formulation. In variety V1, it was higher in T15 and T10 i.e. 97 % sprouted and followed by in the T14 it was 94% and the control showed lowest percentage of sprouting (Table 1). In G4, the sprouting was higher in T15 i.e., 96% and 95% in T13 (Table 1).
3.2. Survival percentage:	
Survival rate of the cuttings were taken at 90 days after planting. It was higher in treatment 15 in both the varieties of V1 and G4 (97 % and 96 % respectively) (Table 1).
3.3. Shoot length (cm):
	The shoot lengths were measured at 30, 60 and 90 days after planting. In variety V1, the observation made on 30th day, revealed the higher shoot length in treatment 15 (22cm). In G4 variety, the higher shoot length of 22.30 cm was observed in the T15 and was followed by T13 (22.00cm) (Table 2).At 60th day, the shoot lengths of V1 and G4 were higher in T15 i.e., 57.50cm and 58.50cm, respectively. At 90th day, the length of shoots was found to be highestin T15, the measured length were 72.00 cm and 72.50 cm in V1 and G4 respectively. All the observations of treatments were higher than the control plants (Table 2).
3.4. Fresh shoot weight (g):
	After 90 days of application, greater shoot weight is obtained in T15 followed by in T13, T14 and T11 i.e., 52.0 g, 50.0g, 49.5g and 49.50g respectively in V1 variety. The G4 variety exhibited higher shoot weight in T15; the weight was 51.5 g, followed by in T13, T11, and T10 which recorded 51.25 g, 50.00g and 49.95 g, respectively (Table 3).
3.5. Dry shoot weight (g):
	The higher dry shoot weight was recorded in T15 which was 26.55g followed by 24.34g and 23.00g were recorded in T 13 and T 12 in variety V1.In G4 variety, the greater weight of dry roots were from T15 i.e., 27.50g and 25.98g (Table 3).
3.6. Number of roots/sapling:
Rooting is one of the important parameter in growth promotion. Number of roots was counted at 90th day after inoculation.Among all the treatments in V1 plant, more number of roots was observed in T15 (15 roots). The greater number of roots was found in G4 plants, T15 showed higher number of roots (14 roots) followed by 14 roots in T13 (Table 4).
3.7.Root length (cm):
	The length of roots was measured on 90th day. The maximum root length was measured in T15, the length was 17.85cm (V1 variety) and 16.66cm and 16.50cm obtained in T13 and T10. In G4 plants, the greater root length was in T15 plant (17.10cm). The T13 and T8 showed root lengths of 16.75cm and 16.25 cm (Table 4).
3.8. Fresh root weight (g):
	Root weights of all treated plants and control plants were taken on 90th day after the inoculation of formulation. The maximum weight of roots in V1 plants was obtained in T15 (12.38g).In G4 plants, the higher root length of 12.28 g was recorded in T15. The lowest root weight was 9.68 g in control plant (Table 5).
3.9. Dry root weight (g):
	The dry weights of roots were taken after drying the roots at 90ºC in oven. The greater root dry weight was recorded as 7.95 g and 8.05g in T15 plants of V1 and G4 varieties respectively (Table 5).
3.10. Number of leaves:
	Number of leaves were counted at 30, 60 and 90th days after inoculation of endophytic formulations. The results showed in Table 6. In all the intervals T15 showed higher effect in increasing number of leaves.


Table 1. Sprouting and survival percentage of mulberry cuttings influenced by endophytic cultures
	S.No
	Treatment
	Sprouting percentage
	Survival percentage

	
	
	V1
	G4
	V1
	G4

	1.
	T1
	95±1.49
	90±4.35
	95±1.49
	90±4.35

	2.
	T2
	96±1.08
	93±4.55
	96±1.08
	93±4.55

	3.
	T3
	94±1.91
	92±1.88
	94±1.91
	92±1.88

	4.
	T4
	95±1.75
	91±2.30
	95±1.75
	91±2.30

	5.
	T5
	95±0.38
	90±2.55
	95±0.38
	90±2.55

	6.
	T6
	92±3.16
	91±3.18
	92±3.16
	91±3.18

	7.
	T7
	91±3.91
	89±0.69
	91±3.91
	89±0.69

	8.
	T8
	92±2.77
	93±2.49
	92±2.77
	93±2.49

	9.
	T9
	95±2.77
	90±0.20
	95±2.77
	90±0.20

	10.
	T10
	97±0.21
	94±2.38
	97±0.21
	94±2.38

	11.
	T11
	90±1.57
	91±2.66
	90±1.57
	91±2.66

	12.
	T12
	94±2.93
	90±4.47
	94±2.93
	90±4.47

	13.
	T13
	92±0.98
	95±2.63
	92±0.98
	95±2.63

	14.
	T14
	96±0.32
	93±1.04
	96±0.32
	93±1.04

	15.
	T15
	97±1.63
	96±1.86
	97±1.63
	96±1.86

	16.
	Control
	89±0.73
	73±1.09
	91±0.73
	71±1.09

	
	SE(d)
	1.782
	2.01
	1.548
	2.130

	
	CD (@ 5%)
	3.182
	4.122
	3.521
	4.512



Table 2.Shoot length (cm) of mulberry plant in nursery (30th, 60th, 90th day) as influenced by the inoculation of endophytes

	S.No
	Treatment
	30th day
	60th day
	90th day

	
	
	V1
	G4
	V1
	G4
	V1
	G4

	1.
	T1
	19.50±0.48
	18.00±0.14
	49.75±1.14
	49.75±0.32
	62.00±0.94
	64.50±1.13

	2.
	T2
	19.50±0.36
	19.00±0.66
	54.50±2.42
	54.00±2.51
	67.50±2.02
	68.00±3.00

	3.
	T3
	21.00±0.90
	19.50±0.62
	53.00±1.68
	54.00±2.22
	67.00±0.60
	69.50±0.98

	4.
	T4
	20.00±0.29
	18.75±0.77
	53.00±0.77
	52.50±1.92
	64.00±2.05
	66.50±1.36

	5.
	T5
	20.00±0.92
	19.75±0.29
	50.05±1.18
	53.00±0.51
	66.00±1.21
	67.00±1.16

	6.
	T6
	20.50±0.43
	19.50±0.89
	51.75±1.70
	53.75±2.16
	66.75±1.53
	68.00±0.55

	7.
	T7
	20.50±0.68
	19.50±0.95
	52.00±0.07
	54.00±1.18
	67.00±2.51
	68.50±1.92

	8.
	T8
	21.50±0.97
	21.00±0.12
	56.50±2.05
	55.50±2.38
	69.00±1.31
	70.00±3.21

	9.
	T9
	21.00±0.90
	20.00±0.07
	54.00±0.73
	52.50±1.44
	68.50±0.77
	69.00±1.60

	10.
	T10
	21.50±0.63
	20.50±1.00
	52.50±2.18
	53.00±1.05
	68.75±3.02
	69.50±1.46

	11.
	T11
	20.00±0.25
	21.00±0.61
	55.00±2.54
	53.50±2.37
	68.25±0.69
	70.00±0.22

	12.
	T12
	20.50±0.11
	20.50±0.67
	53.00±1.65
	53.50±0.06
	68.00±3.22
	69.00±2.57

	13.
	T13
	21.00±0.02
	22.00±0.36
	56.50±1.40
	56.50±2.01
	70.00±0.35
	71.50±1.92

	14.
	T14
	21.50±0.24
	20.50±0.42
	53.00±1.6
	55.00±0.61
	68.75±0.14
	71.00±0.22

	15.
	T15
	22.00±0.67
	22.30±0.03
	57.50±1.95
	58.50±2.35
	72.00±0.25
	72.50±2.57

	16.
	Control
	19.00±0.45
	16.50±0.45
	45.50±1.90
	47.50±0.91
	59.75±1.65
	58.80±1.92

	
	SE(d)
	0.845
	0.835
	1.821
	1.424
	1.517
	1.720

	
	CD (@ 5%)
	1.721
	1.700
	3.254
	2.621
	2.365
	3.112



Table3. Fresh and Dry shoot weight of mulberry saplings as influenced by inoculation of endophytes
	S. No
	Treatment
	Fresh Shoot weight (g)
	Dry Shoot weight (g)

	
	
	V1
	G4
	V1
	G4

	1.
	T1
	44.00±1.42
	44.50±0.32
	20.05±0.28
	19.39±0.99

	2.
	T2
	47.50±0.36
	47.00±2.01
	21.99±1.02
	22.65±0.68

	3.
	T3
	47.00±2.20
	46.50±0.66
	21.58±0.03
	22.87±0.27

	4.
	T4
	45.00±1.76
	45.50±0.23
	19.00±0.69
	21.01±0.07

	5.
	T5
	46.00±1.64
	45.00±0.87
	21.00±1.06
	19.89±0.74

	6.
	T6
	46.50±0.92
	46.00±0.27
	21.75±0.31
	22.00±0.57

	7.
	T7
	47.50±1.56
	46.50±0.28
	21.39±0.85
	22.96±0.20

	8.
	T8
	48.50±0.07
	50.18±1.91
	22.00±0.99
	23.38±1.21

	9.
	T9
	48.00±1.92
	48.00±2.13
	21.38±0.97
	25.30±0.39

	10.
	T10
	48.00±2.18
	49.95±1.02
	20.48±1.06
	22.58±0.08

	11.
	T11
	49.50±1.45
	50.00±0.42
	22.10±1.02
	21.10±0.86

	12.
	T12
	49.00±2.17
	49.80±2.15
	23.00±0.40
	24.39±1.16

	13.
	T13
	50.00±1.95
	51.25±0.40
	24.34±0.22
	25.98±0.61

	14.
	T14
	49.50±0.31
	49.00±1.42
	22.99±0.00
	25.50±0.11

	15.
	T15
	52.00±0.13
	51.50±0.48
	26.55±0.28
	27.50±0.38

	16.
	Control
	40.50±2.01
	39.75±1.84
	17.50±0.82
	15.35±0.09

	
	SE(d)
	2.213
	1.781
	1.034
	1.240

	
	CD (@ 5%)
	4.508
	3.627
	2.107
	2.526



Table 4. Effect of inoculation of endophytes on the number of roots and root length of mulberry saplings
	S. No
	Treatment
	No. of roots
	Root length (cm)

	
	
	V1
	G4
	V1
	G4

	1.
	T1
	9.00±0.12
	9.00±0.18
	15.68±0.59
	15.35±0.80

	2.
	T2
	10.00±0.46
	11.00±0.39
	16.12±0.14
	16.05±0.57

	3.
	T3
	11.00±0.09
	12.00±0.21
	16.28±0.17
	15.85±0.25

	4.
	T4
	9.00±0.43
	11.00±0.30
	16.00±0.11
	14.99±0.16

	5.
	T5
	12.00±0.20
	10.00±0.47
	16.00±0.22
	15.85±0.18

	6.
	T6
	10.00±0.10
	9.00±0.08
	16.10±0.52
	14.98±0.31

	7.
	T7
	11.00±0.39
	12.00±0.35
	16.25±0.04
	15.95±0.64

	8.
	T8
	14.00±0.56
	13.00±0.11
	16.35±1.01
	16.25±0.43

	9.
	T9
	10.00±0.05
	12.00±0.56
	16.16±0.04
	16.00±0.71

	10.
	T10
	12.00±0.16
	10.00±0.47
	16.50±1.15
	15.98±0.57

	11.
	T11
	11.00±0.07
	12.00±0.38
	15.95±0.48
	16.22±0.48

	12.
	T12
	13.00±0.58
	13.00±0.36
	16.10±0.69
	15.68±0.07

	13.
	T13
	14.00±0.52
	14.00±0.02
	16.66±1.00
	16.75±0.27

	14.
	T14
	12.00±0.53
	12.00±0.57
	16.05±0.51
	16.02±0.37

	15.
	T15
	15.00±0.11
	14.00±0.28
	17.85±0.69
	17.10±0.03

	16.
	Control
	8.00±0.15
	7.00±0.08
	12.75±0.22
	12.55±0.40

	
	SE(d)
	0.488
	0.486
	0.738
	0.633

	
	CD (@ 5%)
	0.994
	0.990
	1.503
	1.290




Table 5.Effect on Fresh and Dryroot weight of mulberry saplings
	S.No
	Treatment
	Fresh Root weight (g)
	Dry Root weight (g)

	
	
	V1
	G4
	V1
	G4

	1.
	T1
	10.85±0.26
	10.92±0.05
	5.59±0.11
	6.12±0.19

	2.
	T2
	10.98±0.48
	11.05±0.22
	6.99±0.35
	6.86±0.07

	3.
	T3
	11.06±0.54
	11.00±0.17
	7.03±0.23
	6.92±0.28

	4.
	T4
	10.95±0.14
	10.95±0.48
	6.66±0.05
	6.53±0.11

	5.
	T5
	10.56±0.39
	10.36±0.25
	6.35±0.05
	5.96±0.22

	6.
	T6
	11.01±0.03
	10.93±0.22
	6.55±0.02
	6.99±0.24

	7.
	T7
	11.96±0.46
	10.69±0.30
	6.86±0.14
	6.31±0.25

	8.
	T8
	11.79±0.05
	12.00±0.04
	7.38±0.12
	7.45±0.36

	9.
	T9
	11.05±0.49
	11.55±0.31
	6.99±0.07
	6.86±0.33

	10.
	T10
	11.01±0.37
	11.69±0.59
	7.29±0.37
	7.23±0.16

	11.
	T11
	11.95±0.51
	11.48±0.06
	7.12±0.22
	7.18±0.37

	12.
	T12
	12.00±0.17
	12.18±0.39
	7.05±0.18
	7.11±0.18

	13.
	T13
	12.28±0.23
	11.75±0.23
	7.76±0.12
	7.95±0.23

	14.
	T14
	12.05±0.13
	11.56±0.52
	7.24±0.12
	7.21±0.34

	15.
	T15
	12.38±0.15
	12.28±0.07
	7.95±0.24
	8.05±0.01

	16.
	Control
	9.78±0.07
	9.68±0.20
	4.50±0.22
	4.69±0.23

	
	SE(d)
	0.490
	0.432
	0.271
	0.343

	
	CD (@ 5%)
	0.998
	0.880
	0.552
	0.699


Table 6.Treatmental effect on number of leaves
	S.No
	Treatment
	V1
	G4

	
	
	30th day
	60th day
	90th day
	30th day
	60th day
	90th day

	1.
	T1
	6±0.26
	11±0.19
	18±0.43
	8±0.09
	12±0.15
	19±0.73

	2.
	T2
	9±0.11
	13±0.45
	19±0.28
	9±0.33
	13±0.10
	20±0.09

	3.
	T3
	9±0.02
	12±0.31
	19±0.34
	8±0.26
	13±0.28
	19±0.12

	4.
	T4
	7±009
	14±0.44
	18±0.91
	9±0.07
	14±0.59
	19±0.46

	5.
	T5
	8±0.17
	12±0.18
	17±0.11
	7±0.14
	11±0.42
	20±0.01

	6.
	T6
	8±0.23
	13±0.05
	18±0.17
	8±0.39
	12±0.22
	19±0.72

	7.
	T7
	7±0.23
	13±0.41
	17±0.71
	7±0.36
	14±0.19
	19±0.51

	8.
	T8
	9±0.02
	15±0.75
	20±0.25
	10±0.41
	15±0.56
	21±0.61

	9.
	T9
	7±0.31
	13±0.52
	19±0.39
	9±0.24
	12±0.25
	20±0.99

	10.
	T10
	6±0.18
	14±0.42
	19±0.36
	7±0.22
	15±0.22
	19±0.42

	11.
	T11
	8±0.11
	13±0.15
	18±0.39
	8±0.27
	14±0.63
	19±0.68

	12.
	T12
	9±0.16
	12±0.11
	19±0.69
	9±0.14
	14±0.65
	20±0.39

	13.
	T13
	10±0.44
	14±0.04
	21±0.11
	10±0.47
	16±0.66
	22±0.96

	14.
	T14
	10±0.30
	14±0.17
	20±0.98
	11±0.54
	15±0.54
	21±0.65

	15.
	T15
	11±0.49
	15±0.41
	21±0.99
	11±0.27
	17±0.22
	22±0.29

	16.
	Control
	6±0.27
	9±0.34
	17±0.11
	7±0.28
	11±0.21
	17±0.21

	
	SE(d)
	1.031
	0.511
	0.766
	0.835
	2.413
	2.584

	
	CD (@ 5%)
	2.100
	1.040
	1.561
	1.700
	4.915
	5.2636



Plate 2. Nursery observations
[image: Description: Description: Description: C:\Users\MANIC007\Desktop\nursery photos\IMG_20190403_084542.jpg]  [image: Description: Description: Description: C:\Users\MANIC007\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_20190613_102645.jpg]   [image: Description: Description: Description: C:\Users\MANIC007\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_20190613_104955.JPG.JPG]   [image: Description: Description: Description: C:\Users\MANIC007\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_20190613_104633.jpg]
             Initial                   30th day                         60th day	                        90th day        

4. Discussion:
The growth-promoting capacity of endophytes were analysed in the nursery conditions. According to the results, it was confirmed that the endosymbionts have the capacity to influence the plant growth. The plant height increased up to 72.50 cm while the height of the control plant was 58.80 cm (Table 2). The results putforth thatthe endophytes helped to increase the plant height and growth. Growth of mulberry can be improved by the application of endophytic bacteria (Kumar et al., 2015) which is in consonance with the significant increase obtained in the seedling weight, shoot length, root length and total length, in the present study.
While considering the sprouting percentage, it was found that all the 15 treatments showed increased in sprouting percentage, confirming that the microbial consortia (isolates considered as best from the in vitro tests) played complete role in improving the sprouting percentage.With regard to survival percentage, some of the plants in the control did not survive. But all the sprouted plants that were applied with endophytes application were found to grow vigorously till the end of the observation (90th day). These results revealed that the endophytic inoculants had sustained the vigour of mulberry plants.
Rooting plays an important role in the plant growth. The endophytes isolated from the mulberry plant parts increased the root parameters like root length up to 17.85 cm, root weight up to 12.38g , dry weight of the roots (8.05 g) along with the increase in the number of roots/ plants. Ji et al.(2010) listed the growth endorsing ability of Lu 10-1 strain on mulberry seedlings. They made observations at several intervals after inoculation of strain i.e. 7, 14, 21 days. The growth parameters like seedling height, fresh root weight and seedling fresh weights increased with increase in growth period. 
	Chakraborty and Kundu (2015) studied the effect of bio fertilizer in combination with organic manures on growth and foliar constituents of mulberry. Eight months old saplings were applied with different organic manures like farm yard manure, weed composts, rearing waste composts, poultry manure and pig manure along with the bio-fertilizer Azotobacter. The dominant treatment was waste compost, Azotobacter and NPK application (71.58 ± 2.91cm).Similarly, in the present study, the application of four endophytic isolates of mulberry increased the shoot length (72.50 ± 2.57cm).
	Murthy et al. (2012) screened the mulberry (Morus sp.) germplasm varieties through propagation parameters. As observed in the present study, the mulberry endophytic bacterial isolates applied as microbial consortium (combination of four best isolates) showed better performance i.e., improvement in the sprouting and survival percentage, shoot length, dry shoot weight, root length and root weight. Therefore, it was inferred that the endophytic inoculants had the capacity to improve the plant growth. Paul and Quaiyyum (2012) studied the root characters, leaf yield and yield components of mulberry plant under different moisture levels like well watered, water stress and low water content. The parameters obtained like root dry weight, shoot length, stem fresh and dry weights were found to be lesser compared to the results obtained from the application of endophytic formulations. 
	Ting Ou et al. (2023), isolated the 64 endophytic fungi from mulberry plant and Talaromyces sp. GS1, Pseudeurotium sp. GRs12, Penicillium sp. GR19, and Trichoderma sp. GR21 were screened out due to their strong potential in plant growth promotion. Exogenous application of PGPF could alter fungal community structures in the rhizosphere soils, wherein Talaromyces was obviously enhanced after inoculation of Talaromyces sp. GS1, and Peziza was increased in the other treatments. The mixed suspensions of PGPF induced the production of chlorophyll, which in turn enhanced the drought tolerance of mulberry and accelerated their growth recovery after drought.
	Mulberry leaves production is an important parameter in assessing the growth promotion. The leaf production at different intervals was counted and the numbers of leaves have significantly increased in treated plants when compared to control. This confirms that microbial consortium helps in the higher leaf production. Aruna et al. (2018) screened the mulberry (Morus spp.) accessions for propagation parameters and variety V1 was taken as check variety. The parameters like survival percentage, number of leaves and roots, root length, root fresh and dry weights, shoot weight were observed in V1 variety was comparatively lesser than the plants grown in association with microbial inoculants.
	Xu ei al. (2018) isolated and screened eight isolates based on their PGP activities and taken to the pot experiment. They identified that, these strains increased growth of mulberry seedlings at different levels and Bacillus sp. CW 16-5 exhibited the highest promotion capacity which the shoot length (83.37%) and root fresh weight (217.70%).  
CONCLUSION:
Endophytes are the organism that helps in the promotion of plant growth without any harmful effect to the host. This study helped toidentify the potential of endophytes in the plant growth promotion. Thus, endosymbionts could help productivity improvement and assist the plants to withstand in adverse stress conditions in an environment friendly manner.
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