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Impact of bacterial endo-symbionts on the photosynthetic pigments of mulberry plant (Morus indica L.)

Abstract:
Mulberry (Morusalba) is the sole food crop to silkworm (Bombyx mori). The growth and development of mulberry plant indirectly influences the growth and development of silkworms. Considering this factor, the research study is carried out to isolate and identify the growth promoting bacterial endophytes present in the plant parts (i.e., stem, leaves and roots) of mulberry. In addition to that, the isolated and identified promising isolates were applied under nursery, to study their impact in plants under nursery conditions. Among 30 isolates isolated, 4 isolates attained as promising isolates through preliminary biochemical tests and growth promotion tests and they were applied to mulberry cuttings in 15 different combinations to test their influence on photosynthetic pigments. The photosynthetic pigments include Chlorophyll a, Chlorophyll b, Chlorophyll a/b ratio, Total chlorophyll and carotenoids were quantified.
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1.INTRODUCTION:
Sericulture mainly comprises mulberry cultivation and silk production. Mulberry belongs to the family moraceae (order: urticales), being a perennial crop the foliage plays a crucial role in the nourishment of the metabolism of silkworm (Bombyx mori). Growth and development of silkworm mainly depends on the quality and quantity supplied during the rearing process. Quality mulberry leaves helps in quality cocoon production further it leads to standard silk production. 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). Bacterial endophytes offer more benefits and are able to interact with the host in the variable environmental conditions (Chaturvedi et al. 2016).The inherent nature of the certain endophytes to potentially colonize the plants in a systemic manner provides a novel approach as a delivery system to plants for various beneficial traits. The endophytes also can be used in pest control and phyto remediation  (Lodewyckx et al. 2002).
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). The growth promoting activity of endophytes can be examined by the activities like IAA production, ammonia production, HCN production, ACC deaminase production, phosphate solubilization and siderophore production (Etesami et al. 2014).
Photosynthesis is a crucial process for plants and fundamental to plant life and significantly impacts the global ecosystem.Photosynthetic pigments are useful in the process of photosynthesis which helps the plants through the actions in light harvesting, energy transfer, conversion to chemical energy and photo protection. On another side, photosynthesis plays a major role in the quality improvement of mulberry leaves.This study mainly focused to identify the impact of bacterial endophytes on photosynthetic pigments of mulberry plants.
2.MATERIALS AND METHODS:
2.1. Sample collection:
The fresh plant parts (leaves, stem and roots) of two different varieties i.e., V1 and G4 were collected from mulberry field and used for the isolation of bacterial endophytes and the research study carried out in Forest College and Research Institute, Mettupalyam, Coimbatore.
2.2. Sterilization of bacterial endophytes:
The collected leaves were washed with tap water and rinsed with 0.1 percent Tween 20 for few seconds, then surface sterilized with 70 percent ethanol for one minute followed by 11 percent aqueous sodium hypochlorite for 5 minutes and finally washed with sterile water.  The stem and root portions were washed with tap water and surface sterilized with 0.1 percent sodium hypochlorite for 1 minute followed by 70 percent ethanol for 1 minute, 3 percent sodium hypochlorite for 5 minutes and finally washed with sterile water. The final wash water was collected and used for the sterility test. (Bacon et al. 2000 and Xianling et al. 2008).
2.3.Isolation and characterization of bacterial endophytes:
The endophytes were isolated using the standard protocol of Bacon et al. (2000) and Xianling et al. (2008) with certain modifications. The surface sterilized plant parts were macerated using sterile pestle and mortar with sterile water. Then it subjected to centrifugation at 3000 rpm for 30 minutes. The supernatant was collected and serially diluted up to 10-6 and used for the isolation of endophytes using Nutrient Agar (NA) medium.
	The isolates were subjected to preliminary characterizations i.e. morphological characterization, biochemical characterization and growth promotion tests. ((Bacon and White, 2000), (Xianling et al. 2010),(Cappuccino and Sherman, 1992), (Lorck, 1948), (Bric et al. 1991),(Schwyn and Neilands, 1987)). 
Through this preliminary analysis out of 30 isolates, 4 isolates were obtained as promising isolates and applied to nursery as liquid formulation. 15 different combinations were followed. 


[bookmark: _GoBack]Chart 1: List of treatment combinations used for the study
	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)
2.1.PHOTOSYNTHETIC PIGMENTS:
	Photosynthetic activity was analyzed by finding the photosynthetic pigments i.e., Chlorophyll a, Chlorophyll b, Chlorophyll a/b ratio, Total chlorophyll and carotenoids and the estimation was done bythe procedures using Acetone method (Arnon, 1949) and the formulas are listed here.
 (
V
1000 x W
)2.1.1.Chlorophyll a :
Chlorophyll a= (12.7 x OD at 663) – (2.69 x OD at 645) x 
 (
V
1000 x W
)2.1.2.Chlorophyll b :
Chlorophyll a= (22.9 x OD at 645) – (4.68 x OD at 663) x 
 (
Chlorophyll a
Chlorophyll b
)2.1.3.Chlorophyll a/b ratio:

Chlorophyll a/b ratio = 
 (
OD at 652 x V
34.5 x W
)2.1.4.Total Chlorophyll:

Total chlorophyll = 
 (
V
1000 x W
)2.1.5.Carotenoids:	
Carotenoids = (7.6 x OD at 480) – (1.49 x OD at 510) x 

3. RESULTS:
3.1. Photosynthetic pigments:
3.1.1.Chlorophyll a (mg g-1):
Higher amount of chlorophyll-a was observed in V1 plants in the treatment T2(1.62mg g-1) succeeded by treatments T8, T13 and T15, which recorded 1.53mg g-1, 1.27mg g-1and 1.24mg g-1, respectively. In G4 plants, higher level of chlorophyll a content wasrecorded in treatment T2 (1.72mg g-1) followed by 1.67mg g-1and 1.55mg g-1 in T4 and T7 respectively. (Table 1&2).
3.1.2.Chlorophyll b (mg g-1):
In mulberry variety G4, the higher content of chlorophyll bwas recorded in treatment T2 (0.98mg g-1) followed by T4, T7 and T13, the values are 0.89mg g-1, 0.76mg g-1and 0.69mg g-1, respectively.In V1 variety, higher content of chlorophyll b was recorded in T2 (0.83mg g-1). Among all the treatments, T6 and T11 showed lesser chlorophyll b content (Table 1 & 2).
3.1.3.Chlorophyll a/b ratio (mg g-1):
	The chlorophyll a/b ratio was calculated using the values obtained from Chlorophyll a and chlorophyll b. The higher chlorophyll a/b ratio was observed in G4 variety in treatment T12 (2.46mg g-1). Treatment 6 showed higher chlorophyll a/b ratio in V1 variety and the recorded value is 2.97 mg g-1(Table 1 & 2). 
3.1.4.Total chlorophyll (mg g-1):
The chlorophyll estimation revealed that the higher amount of total chlorophyll content was found in treatment T2 of V1 variety i.e., 2.67 mg g-1and 2.48mg g-1in T4 and all the treatments showed higher amount of total chlorophyll compared to control (0.99mg g-1).In variety G4, 2.99mg g-1 is recorded as higher total chlorophyll content in treatment T2 followed by 2.81mg g-1, 2.51mg g-1 and 2.32mg g-1 in the treatments T4, T7, and T13 respectively (Table 1 & 2).
3.1.5.Carotenoids (mg g-1):
	The higher content of carotenoids in G4 plants were found in treatment T2 (0.73mg g-1) and T4 (0.71mg g-1). Among all the treatments, the T12 showed lesser content of carotenoids (0.35mg g-1) which is greater thancontrol (0.29mg g-1)(Table 3).
	Focusing the carotenoid content of V1 variety, the carotenoid content recorded between 0.37mg g-1 (in treatments T5, T6 and T10) and 0.70 mg g-1( in treatment T4) and the control value is 0.22 mg g-1(Table 3.)



Table 1.  Treatmental effect of bacterial endo-symbionts on the photosynthetic pigments of   mulberry variety G4
	S.No
	Treatment
	Chlorophyll a
(mg g-1)
	Chlorophyll b
(mg g-1)
	Chlorophyll a/b ratio
(mg g-1)
	Total chlorophyll
(mg g-1)

	1
	T1
	1.18±0.01
	0.58±0.02
	2.03±0.05
	1.89±0.08

	2
	T2
	1.72±0.03
	0.98±0.01
	1.76±0.09
	2.99±0.13

	3
	T3
	1.34±0.05
	0.65±0.02
	2.07±0.03
	2.12±0.07

	4
	T4
	1.67±0.03
	0.89±0.04
	1.87±0.09
	2.81±0.09

	5
	T5
	1.16±0.05
	0.52±0.01
	2.23±0.09
	1.78±0.06

	6
	T6
	1.28±0.03
	0.59±0.02
	2.18±0.03
	2.00±0.01

	7
	T7
	1.55±0.01
	0.76±0.03
	2.02±0.04
	2.51±0.04

	8
	T8
	1.39±0.04
	0.65±0.03
	2.14±0.07
	2.19±0.05

	9
	T9
	1.31±0.04
	0.61±0.02
	2.16±0.05
	2.05±0.02

	10
	T10
	1.25±0.02
	0.57±0.01
	2.21±0.10
	1.92±0.01

	11
	T11
	1.05±0.03
	0.46±0.02
	2.30±0.08
	1.57±0.01

	12
	T12
	0.90±0.05
	0.37±0.01
	2.46±0.11
	1.34±0.01

	13
	T13
	1.46±0.04
	0.69±0.02
	2.11±0.01
	2.32±0.05

	14
	T14
	1.08±0.02
	0.45±0.02
	2.42±0.03
	1.62±0.03

	15
	T15
	1.08±0.04
	0.47±0.01
	2.29±0.10
	1.66±0.01

	16.
	Control
	0.55±0.01
	0.35±0.01
	1.57±0.05
	1.89±0.02

	
	SE(d)
	0.048
	0.031
	0.100
	0.077

	
	CD (@ 5%)
	0.098
	0.062
	0.203
	0.156



Table 2. Treatmental effect of bacterial endo-symbionts on the photosynthetic pigments of   mulberry variety V1
	S.No
	Treatment
	Chlorophyll a
(mg g-1)
	Chlorophyll b
(mg g-1)
	a/b ratio
(mg g-1)
	Total chlorophyll
(mg g-1)

	1.
	T1
	0.99±0.04
	0.47±0.01
	2.13±0.06
	1.54±0.06

	2.
	T2
	1.62±0.05
	0.83±0.01
	1.96±0.09
	2.67±0.11

	3.
	T3
	1.23±0.06
	0.51±0.02
	2.21±0.09
	1.74±0.02

	4.
	T4
	0.93±0.02
	0.71±0.03
	2.16±0.05
	2.48±0.05

	5.
	T5
	0.89±0.03
	0.39±0.01
	2.30±0.02
	1.34±0.03

	6.
	T6
	0.96±0.04
	0.32±0.01
	2. 97±0.15
	1.46±0.07

	7.
	T7
	0.79±0.03
	0.36±0.01
	2.18±0.07
	1.20±0.03

	8.
	T8
	1.53±0.03
	0.41±0.01
	2.27±0.04
	1.39±0.05

	9.
	T9
	0. 97±0.05
	0.45±0.02
	2.18±0.02
	1.47±0.06

	10.
	T10
	0.93±0.01
	0.41±0.01
	2.26±0.03
	1.39±0.04

	11.
	T11
	0.71±0.01
	0.32±0.02
	2.23±0.10
	1.07±0.04

	12.
	T12
	1.21±0.04
	0.53±0.01
	2.28±0.02
	1.82±0.07

	13.
	T13
	1.27±0.02
	0.57±0.03
	2.24±0.07
	1. 96±0.09

	14.
	T14
	1.14±0.04
	0.53±0.02
	2.16±0.03
	1.75±0.09

	15.
	T15
	1.24±0.06
	0.55±0.02
	2.26±0.05
	1.87±0.05

	16.
	Control
	0.62±0.03
	0.32±0.02
	1.94±0.04
	0.99±0.04

	
	SE(d)
	0.054
	0.023
	0.095
	0.083

	
	CD (@ 5%)
	0.110
	0.047
	0.194
	0.169



Table 3. Treatmental effect of bacterial endo-symbionts on the carotenoids of mulberry varieties
	S.No
	Treatment
	Carotenoids (G4 variety)
(mg g-1)
	Carotenoids (V1 variety)
(mg g-1)

	1.
	T1
	0.52±0.01
	0.41±0.01

	2.
	T2
	0.73±0.02
	0.66±0.01

	3.
	T3
	0.54±0.01
	0.48±0.01

	4.
	T4
	0.71±0.03
	0.70±0.03

	5.
	T5
	0.46±0.01
	0.37±0.01

	6.
	T6
	0.50±0.01
	0.37±0.02

	7.
	T7
	0.64±0.02
	0.44±0.02

	8.
	T8
	0.57±0.03
	0.42±0.01

	9.
	T9
	0.54±0.01
	0.46±0.01

	10.
	T10
	0.48±0.01
	0.37±0.01

	11.
	T11
	0.45±0.01
	0.39±0.01

	12.
	T12
	0.35±0.01
	0.47±0.01

	13.
	T13
	0.63±0.03
	0.50±0.01

	14.
	T14
	0.42±0.02
	0.46±0.01

	15.
	T15
	0.47±0.01
	0.50±0.02

	16.
	Control
	0.29±0.01
	0.22±0.01

	
	SE(d)
	0.025
	0.020

	
	CD (@ 5%)
	0.051
	0.041



4. DISCUSSION:
	The Chlorophyll family is essential pigmentsrequired by all photosynthetic organisms to absorb lightenergy and play a key role in acclimation to environmentswith a varied light spectrum. (Simkin et al. 2021).
	The results on the development of photosynthetic pigments like chlorophyll a, chlorophyll b, total chlorophyll, chlorophyll a/b ratio and carotenoids were comparable with the studies of (Kalaivani et al. 2013). They reported that the photosynthetic pigments and carotenoids had significantly increased in the Morus alba L. due to application of microbial consortium.
	Sekar K M et al. 2015 studied photosynthesis parameters of two mulberry genotypes under elevated Co2 concentration and also observed the increase in the chlorophyll a fluorescence. 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 and other leaf parameters were observed in V1 variety was comparatively lesser than the plants grown in association with microbial inoculants.
	In the recent years, the use of external preparations capable of stimulating plant growth by working on plant metabolism has become suitable for enhancing the efficiency of chemical fertilizers (Baroccio et al. 2017).  Anli et al., 2020 used biofertilizers in their research study to improve photosynthetic apparatus, growth and drought stress tolerance in the date palm and also obtained positive results i.e. combined application of arbuscular mychorrhzal fungi, compost and PGPR improved chlorophyll a, chlorophyll b, total chlorophyll and carotenoids than control even under moisture deficit conditions.
	Almuhayawi et al. 2021 identified that, bacterial endophytes enhanced the growth and accumulation of bio active metabolites of three species of Chenopodiumsprouts and also recorded the increase in the photosynthetic pigments (i.e. chlorophyll a, chlorophyll b, total chlorophyll and beta-carotene) which supplied with endophytic culture when compared to control.
	Similarly Rashid et al. 2021 studied about the exogenous application of biostimulants and synthetic growth promoters on Quinona in respect to the improvement of productivity and grain quality and enhancement of photosynthetic pigments and metabolomics. They observed the improvement in photosynthetic pigments by the application of moringa leaf extract (MLE) and recorded maximum production of total chlorophyll (5.11 mg g-1)  and carotenoids (1.2 mg g-1) which is higher than the control.
	Marin et al. 2022 studied the effect of micronutrients on photosynthetic pigments with the application of FeSO4, ZnSO4 and CuSO4 various concentrations. They observed significant increase in the content of the chlorophyll a, b and total chlorophyll. This study is in correlation with our research study.	
	Ashadi et al. 2022 analyzed the improvement of photosynthetic characteristics, mineral content and anti oxidant activity of Lettuce (Lactuca sativa L.) by the application of Arbuscular Mychorrhizal Fungus (AMF) and seaweed extract and revealed that co application of AMF and seaweed extract enhanced the root colonization, chlorophyll a, chlorophyll b, total chlorophyll and mineral content in the shoots and roots of lettuce plants. 
	Foliar application of plant extracts leads to stimulating the root growth, photosynthetic capacity, and increasing the nutrient use efficiency, which ultimately leads to the growth promotion of important commercial crops (Bulgari et al 2015). Elkhadar et al. 2022 focused on their research towards the photosynthetic pigments and biochemical response of Cucurbita pepo L. (Zucchini) for the applications of plant derived extracts, microbial and potassium silicate as biostimulants under green house conditions. The results of their analysis showed increase in content of chlorophyll a (26.0 mg g-1), chlorophyll b (20.8mg g-1), total chlorophyll (46.8mg g-1) and total carotenoids (4.13 mg g-1) by the combined application of Eucalyptus camandulensis with potassium silicate than the results from control (the control values are chlorophyll a (15.7 mg g-1), chlorophyll b (11.4mg g-1), total chlorophyll (27.1mg g-1) and total carotenoids (2.92 mg g-1)).
	Sun et al., 2023 analyzed the effect of different proportion of nitrogen on photosynthetic characters in tomato and observed 25% AN: 75%NN and 25% NN :75% UN could significantly increased in the concentration of photosynthetic parameters.

CONCLUSION:
	Mulberry is one of the important commercial crops mainly cultivating for foliage needs, it is used in the cocoon production further it leads to silk production. Hence a photosynthetic pigment plays a crucial role in the quality of leaves. This study mainly aimed to analyse the effect of endophytes on photosynthetic pigments of mulberry. This further helps the researchers to focus on broader research in endophytes and expand their application in field level to boost crop productivity with the maintenance of environmental sustainability.
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